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FuactiotiaJ  iraaglog  arid  oeuropsychological  studies  I 


46)  vdihin  the  DLPFC.  Magnetic  resonance  images  of  23  schiaophrenica  (SCZ)  and  23 


normal  conirols  (NC)  t 


disorganiwd  symptoms  were  rated  and  IQ  scores  were  obtained.  Two  working  meinoty 
tasks  scouilj  VC  to  DLPFC  damage  (i.e.  spatial  delayed  response  and  self-ordeied  pointing) 
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INTRODUCTION 


Ihissamc  phenomenon.  LiheKncpdin  and  Morel,  he  believed  lhai  schizophrenre  r 


Early  aiudics  ftiled  to  ideirii^  gross  brain  abnormaJiiles  or  hallmark 
hisiopathologicaJ  markers  orschnrophienta.  Since  Ihe  1950s.  however,  when  iiwas 


Siudies  orneuroanniomy  using  posimorrem  histology,  computed  tomography 
fCT)  scans,  and  magnetic  resunance  imaging  (MRl)  have  produced  coniiedlciory  results, 
tkliile  some  iovestigaiors  have  found  prchonial  cyioarehiiectonic  abnormalities  and 
decreased  volumes  of  Ihe  frontal  lobes  of  schizophrenics  on  MRJfAndreaserteial..  1986, 
Benctr.  Mesparren.  Bird.  SanOiovanni.A  Vincent.  1 991 ),  others  have  foiled  to  suppon 
these  findings  (Kelsoe.  Codel  Pickar,  & Weinberger,  1988;  Suddalh  et  al.,  1989).  The 


to  normal  conlrols  (Bt^erls,  1993).  Perhaps  the  most  consistent  findings  have  been 
enlarged  vemricics,  left  hemisphere  pnOtology,  reduced  volumes  of  the  temporal  lobe  and 
limtdc  slruclures.  and  cytoarcbiteclonic  abnormalilles  within  Ihe  hippocampus,  enlothinol 
cortex,  and  parahippocampal  gyrus  (Bogens,  Meena.  & Sch&nfeldi-bausch.  1985;  Early. 
Reiman,  Raichic,  & Spilznagel,  1987;  Coldeo  etal.  1981;  Zipurskyeial.,  1994). 
Ncuropsyehologioal  and  ftinctionaJ  imaging  daiu  also  have  been  conflicting,  but  most 
consistently  point  to  the  involvement  of  the  dorsolateral  preftemal  cortex  (DLPFC),  left 


hemisphere,  base]  ganglia,  and  tcmporo'iimhic  system  (Barta,  PearUon.  Powers, 
Richards.  & Time.  I WO;  Early  el  al.,  1M7;  Snyhin  cl  al..  1 991 ; Weinberger.  Berman.  & 
Zee,  1986). 


The  diverse  sympioms  of  schtzoi^nia  make  it  unlikely  that  only  one  brain 
region  is  invrrlved  in  the  paihophysiology  of  this  disorder.  Individual  svmpioma  may 
reaiilr  from  disiurbaiKesordilTerent  brain  areas.  For  esampie.  paiiems  who  experierKC 
hallucinations  have  been  found  to  have  smaller  left  auperlor  temporal  gyri  (Barts  cial., 
1990)  lhan  those  that  do  nm.  In  oonlrask  those  vrith  impoverished  speech  demonstiaie 
decreased  metabolism  in  the  DLPFC  (Dolan  etal..  1993).  Tlic  majority  of  studies 
ertploring  neutopathological  correlaies  of  schizophrenia.  Ihus  far.  have  used  single  groups 
ofschizophrefucs  with  diveise  aympioms.  The  heterogeneity  in  symptomatology  mo.st 
likely  coniributes  to  the  inconsistent  findings  reported  in  the  litetaiinc.  By  eanmining 
relationships  between  symptoms  artd  regional  brain  psihology,  as  in  the  above  studies,  we 
may  be  better  able  to  identify  Ihe  various  brain  systems  that  arc  involved  in  producing 
specific  features  of  Ihe  disorder. 


Other  melhodulogioal  pioblems  encountered  in  oeuroanalomy  research  are 


>93;  Andreasen  ei  al..  198(1;  Kcisoc  ct  al..  1988).  T 
delinluon  of  frontal  cortex  includes  orbitofrontal,  dotaolnietal,  ventral,  medial,  r 
anterior  cingulare  cortices.  Ifsubtle  abnormalities  arc  present  in  only  one  or  twe 


areiis,  lumping  ihem  logciher  would  make  these  di  [Terences  less  likely  to  be  deiccicd. 
Other  studies  measure  the  prermma]  aiee  on  only  a single  slice  (Andreasen  et  uL,  196b) 
utich  also  decreases  sensitivity  to  subtle  volume  difTcrences.  Thus,  incoitsistem  findings 
reported  in  the  literature  may  be,  in  part,  the  result  of  techniques  that  are  not  sensitive 
eoough  to  detect  abnonruditiesin  specilic  prefrontal  regions.  Using  neuinanatomic 
boundaries  that  arc  funclionnlly  meaningful  may  increase  the  sensitjvi^'  of  hdRJ  measures 
to  volume  dilTcrence.s.  Indeed,  iovestigainrs  have  found  this  to  be  true  with  other  brain 
regions  {Foundas,  Leonard,  & Heilman,  1995;  Leonard  et  at,  1993), 

The  present  study  addresses  these  problems  by  focusing  on  a spcciSc  region  of  the 
brain  lhal  is  thought  to  be  involved  in  producing  some  of  the  negative  symptoms  of 
schizophrenio  (e.g„  poverty  of  speech  and  movement,  social  withdrawal,  iiaiancci), 
namely,  the  DLPFC.  Frilh  (1 993)  developed  a model  lo  describe  l)tc  infonruilion 
processing  deficits  and  brain  regions  involved  in  producing  many  of  the  positive  (e,g„ 
haJIucinalions,  delusioos)  and  negnuve  symptoms  of  schiaupbrenia.  Me  suited  that 
negative  symptoms  of  schizophrenia  rcsuit  from  a disorder  of^wiiled  action,"  which  he 
described  as  behavior  that  is  guided  by  internal  motivations  and  cues  as  opposed  to  being 
triggered  by  an  environmental  stimulus.  It  order  for  a an  individual  to  be  able  to 

infonttation,  organize  that  infonnation,  and  mointom  it  in  short  term  memory  until  a 
response  is  made.  Baddlrry  (1990)  defines  this  constellation  of  processes  os  working 


slave  systems  (i.e. 
comrollcd  by  i 


rcemral  iwxessor  which  aJ  locales  eTienilonat 


applied  it  lo  studying  working  inemory  in  animals.  She  describes  working  meinoiy  as  an 

made(Goidman*Raklc.p.  1 12. 1992).  Her  definiiion  dilTers  slightly  from  Baddlcy's  in 
that  she  does  not  break  working  memory  down  into  the  componeol  processes  described 
above.  While  definitions  of  working  memory  may  differ  ro  some  extent,  most  theorists 
agree  ihai  working  memory  is  an  active  process  of  itiainiaining  infomtation  in  shon  Icrm 

actively  working  with  that  infotmailon  to  transform  it  or  update  it  over  time.  Because 
initiation  of  social  Inteiactions.  sponuineous  afreet,  and  speech  are  behaviors  that  luc,  for 
on  iaipalrment  in  willed 


symptoms  ofschittophreniB. 

Frith  suggests  that  the  neural  system  responsible  for  willed  action  isacortico- 


planning  (Shallice.  198S;  Siussand  Benson.  1986)  as  well  as  studies  linking  woriting 


1 46  {Goldjnen-[(flJuc, 


nismwy  fimciions  to  a subregion  wiihin  ihe  DLPFC,  Walker's  area 
1992;  Venn  el  ak.  1993;  Walken  1940).  Notably,  damage  lo  media]  fiontal  conea  also 
has  been  associated  with  impairmenis  of  internally  diivcn  behaviors  (Passingham.  1993). 

The  present  study  drew  upon  Frith's  inronnaiion  processing  model  with  Ihe  aim  of 
identifying  a binin  regionCs)  involved  in  producing  some  of  the  negative  symptoms  and 
cognitive  deficits  in  schizofgirenia.  Toward  thts  goal,  neuropsychological  tests  that 

administered  to  .schjzqthieoic  subjects.  These  tests  included  a last  of  spatial  working 

(Petrides  4 Milner.  1982;  VcrincI  ul..  I993)and  specifieaily  with  area  46  damage  in 
monkeys  (Goldman-Rakic,  1987:  Petrides.  1991b). 

resonance  images  (MRis)  were  obtained  and  Ihe  relationships  between  area  46.  volumes, 
cognitive  perfoimance.  and  symptom  scores  were  examined.  It  was  expected  that  more 
severe  negative  symptoms,  measured  by  the  Positive  and  Negative  Syodrorae  Srmie 
(PANSS;  Kay.  Fiszbein.  & Oplcr.  1987),  would  be  uasociuled  with  poor  perroimance  on 


ditionaily,  we  expected  that  wa 


yporfo 


Our  hypolhesa  regardinp  the  relauonship  between  worttinit  metnoiy  end  negative 
sympiome  were  only  weakly  aupported  by  the  present  data;  poor  pcrromtance  on  the 

Iniellectoal  fiJnetioning  appeared  to  play  a critical  rale;  schiaophrenics.  as  o group, 
pctfonned  rnnre  poorly  than  controls  on  verbal  and  perfonniihce  IQ  indices.  Additionally. 


easily  be  disentangled  ftotn  working  memory  performance.  Hypotheses  legoiding  the 


The  fnllowtng  section  reviews  the  litcrBluicin  arcasorschisophiettia.  cognitive 

cuntrol  populations  and  the  neuropsychological  and  imaging  protocols.  Findings  are 
presented  and  teviewed  in  the  Resulls  and  Discussion  sections,  and  methodological  issues 
related  to  our  findings  are  esplorcd  in  Methodological  Considentions.  Finally,  a 


titled  Summary  and  Future  Directiutut. 


REVrEW  OF  LITERATURE 


find  hsvc  linic  lodo  wiih  pflihuphyMOlogy  or  etiology  orihedieorder.  Five  sublypea  of 
schiyt^hrenie  are  dereribed  in  the  DSM*IV:  cetaionic,  disorganintd.  paranoid. 

displayed  (see  Appendix  A,  Table  A-3).  With  the  criteria  provided,  etinjeiansare  able  ID 
agree  whether  ornoi  a individual  suHers  from  schizophrenia  and  label  the  subtype. 
Subtypes  have  been  difrcrenlinled  on  the  bases  of  familial  panems,  age  of  onset,  and 
disease  course  (McGlashan  £ Femon,  I9PI);  however,  thev  have  not  heen  found  to  be 
related  to  particular  neurological,  biochemical,  and  neuropsychological  findings. 

The  subtypes  themselves  are  quite  heterogenous.  It  is  rare  to  find  an  individual 
that  meets  the  crileria  for  one  of  the  DSM-IV  subtypes  that  also  does  not  display 
svmpioms  from  at  least  one  other  subtype.  For  example,  there  may  be  two  different 
individuals  that  experience  both  delusions  and  di.sorgantzed  thoufdtts.  One  of  these 
IrKlividuals  may  be  diagnosed  as  "disorganized”  because  loose  associations  predominate, 
while  the  tuber  may  be  diagoosed  as  "paranoid"  because  his  or  her  paianoid  delusioiis 
predominute.  A third  individual  who  denies  hailucinatioas,  but  is  parartoid.  withdrawn, 
and  lacks  initiative  also  may  be  diagnosed  as  "paranoid."  These  examples  illustrate  the 
varied  symplomatology  lhal  schizophrenics  may  present  with  and  that,  even  within 
subtypes,  the  heterogeneity  of  symptoms  may  be  extreme. 


diagnostic  crileria  for  schizophrenia  inio  a single  group  and  troni  them  os  a homogeneous 
sample  (Bogens  1993;  Brown  ei  al..  1986;  Rubin  eial.,  1993).  The  results  of  sutdt 


studies  hsve  emphasized  ihe  rale  of  the  framal  cones  (Slolar,  Bocnbeum.  Banieh,  & 
Burch.  1994;  Weinberg,  1988),  while  others  lepon  involvement  of  the  limbic  system 
(SiQ'icin  ci  ol..  1991),  and  sUll  others  have  found  no  signifirmat  ragional  difforcnces 
between  scbizophienic  brains  and  those  of  normal  controls  (Kelsoe  el  aL.  1988). 
However,  no  single  re^n  or  prtthological  mechanism  has  been  identified  as  being  the 
sole  source  of  the  disturbance. 

The  irKan.si.siencles  in  identlMng  the  neuropathological  substrute  of 


1 are  probably,  in  laigepan,  duetotbehetcrogeneiryofthe  disease.  Whet  is 


found  by  one  group  of  researchers  may  not  be  confirmed  by  another  group  of  researchers 
because  thcirpaticntpopuialioru  may  be  different.  For  eiiaropie,  in  some  studies, 
participants  were  newly  admirted  to  psychiatric  wards  (Kelsoe  etaJ„  1988),  while  in  other 


)99S).  Many  authors  do  not  provide  descriptions  of  patient  characteristics,  which  makes 


A high  degree  ofvariabiliiy  within  a schizophrenic  populaiiun  also  may  mask 
pcieniiallv  relevant  differences.  For  example,  Andressen  and  her  colleagues  found  that 
schizophrenics'  cerebral  volumes  were  not  siyiificamly  diffciem  from  normal  controls' 
(Andreasen  et  at,  1986),  However,  when  they' looked  at  Individual  symptoms  they  found 


retal.,  1978).  Newly 


affKiive  Haticning,  avolhion,  anhedonU,  and  ancmioiial  dcRcii). 

Because  of  the  symfHom  overlap  between  DSM  subtypes  and  the  high  degree  of 

oriented  approach  to  studying  schizophrenia  neuropathology  (Frith,  1992;  Siolaretal- 
1 994).  Rather  than  categorizing  people  into  subtypes,  the  focus  is  on  individual 
syinploras  or  symptom  clustere.  which  are  symptoms  that  have  been  found  to  occur 
together  and  are  statisticatly  related  to  each  other.  One  of  the  most  well  known  symptom 
classifications  of  this  type  is  that  of  PasUnv  and  Negaitve  symptom  clusters  (Crow. 


arc  characierlzcd  by  a presence  of  abnormal  behaviors  or  experiences.  These  symptoms 
include  hallucinations,  delusions,  and  incoheiencc  of  speech.  Negative  symptoms  are 
those  that  involve  a lock  of  normal  behavior  or  experience  such  as  flat  alTeck  anhedonia 
and  impoverished  speech. 

uitrulaied.  indicating  lhal  one  individual  may  demonstrate  both  positive  and  negative 
symploms  (Ciow.  1980).  Since  they  are  not  mutually  exclusive,  a hi^  level  of  symptoms 
in  one  cluster  does  not  necessarily  predict  low  levels  in  Ihcolher.  Evidence  from 

to  traditional  neuroleptics  (i.e.  dopamine  Bntagotiisis),  while  negative  symploms  are  mote 
resistaru  (Angrist.  Botrosen.  & Cershon.  1980;  Breicretol,,  1994;  Crow,  1980;  Johrunonc 


13 

schbophrenics  are  relaudio  prefrontal  pathology  (Dolan  el  al^  1993;  Stolen  el  al^  1994), 


emorkahle  spectrum  of  behavioral  changes  ha 


(Eslinger  I9»). 


15 


I wtrc  described  earlier.  The  rocusorthepit7«nl  theslsis 


ihe  rclarionship  beiwecn  the  iMgaiive  symptoms  and  prclroniiil  pathology  in 
sehizophivitia. 

The  similarities  ihoi  arc  seen  beiweert  patients  with  prefrontal  lesions  and  those 
with  iteeative  symptoms  of  schizophrenia  have  led  to  the  hypothesis  that  the  isegative 
symptoms  of  schizophrenia  are  a result  of  pre&omal  pathology  or  damage  to  circuiity  that 
involves  Ihe  prefrontal  region.  The  anaiomy  of  the  prefrontal  conetc,  including  its 
afferent  and  efferent  projections,  places  it  in  central  position  To  regulate  many  b^viors. 
In  order  to  make  sense  of  the  relationship  between  the  negative  symptoms  and  prefrontal 
pathology,  it  is  important  to  have  an  understanding  of  this  eireultry.  The  following 


The  prefrontal  cortex  makes  up  apptoximalcly  305k  of  the  human  cortex  (Fusler. 

in  the  highest  level  of  cognitive  activity  including  'consciousness,''  decision  making, 
abstract  thinking  nnd  development  of  goals  and  plartning  (Stuss  £ Denson  ]986,  Pandya 

coitex  remains,  for  the  most  pan,  elusive.  Most  of  our  understanding  of  the  prefionuil 


i preffonial  anatomy  end  tu 


region  comes  from  experimsntsl  lesion  studies  w ith  rats  and  nonhuman  primates  as  well 
as  clinical  studies  of  patients  with  frontal  lobe  lesions.  The  assumption  of  such  studies  is 


ihai  ifd  lesion  lo  a specific  brain  region  procfuccs  a specific  behavioral  deficin  thm  braiir 
region  is  responsible  for  producing  that  behavior.  The  limilation  of  this  approach  is  ihai 
the  fromal  iobes  ore  highi>'  interconnected  with  nuraerous  other  brain  regions  and  iostons 
of  the  frontal  lobes  most  likely  disrupt  functionoJ  systems  which  involve  other  brain 
regions.  Corrveraely.  damsge  loan  area  that  projects  to  the  prrifonlal  cortex  wil) 
secondarily  disrupt  prefronial  functioning.  The  following  is  a review  of  prefrontal 


other  brain  regions. 

The  principaJ  criteria  for  defining  the  picfraniaJ  cortex  are  based  on 
cytoarchilecture,  topography,  fiinctioiud  characierislics.  and  fiber  ooiuicctiocs  (in. 
hodology).  Topographicaliy,  ptehrantol  cortex  lies  anterior  to  the  motor  and  premotor 

and  the  arcuate  sulcus  in  nonhunian  primates:  Galdman.Rakjc,  19g7).  it  is  roughly 
comprised  of  thiee  surfaces:  the  dorsolateral  convexity,  the  orbitofrontal  surface,  and  ihe 
mesial  surface.  The  dorsolateral  convexity  isjusl  anterior  to  Ihe  aicuetc  sulcus  in 

(Brodraann's  arua  9.  Walkers  area  46:  Walker.  1940).  The  orbiiofTomal  cortex  is  the 

is  concave  on  ils  ventral-most  aspect.  The  orbitofrontal  lobe  is  eomprtsed  of  WolkeTs 
areas  10-14.  The  medial  surface  is  fiat  and  the  surface  of  ouch  lobe  faces  each  other 


medially.  Theniedlat  surface  is  comprised  primsrilyorWalkers  areas  6, 10,24  and  25. 
but  areas  8 and  9 also  extend  from  the  laieraJ  region  onto  the  medial  surface. 


caiux  ( WDiher.  1940).  This  area  has  no  direci  in)Kji  lo  moiot  nuolci  and  ihiis  only 
inHuences  nrolor  ouipiii  to  an  indirrei  way  <Ooldhien-Rakic,  19*7). 

Difrcronlial  conneclivicy  wilh  oihcr  brain  resions  also  todicaias  funciionally 

esiensive  bt'diraciionoJ  connections  tsith  the  prafromBl  cortex  (Pribram.  Chow,  di 

(for  reviews  see  Piister,  1 989:  Leonard,  1972;  Pnndyai  Barnes.  1987).  Thernedinl 
orbiul  and  medial  pielronial  cones.  11ie  laleral  component  is  colled  "parvocelliilat " for 


r.  pnncipal  sulcus).  The  extreme  lateral  aspect  of  the  nucleus,  pars  paralamellans, 
ijccus  tn  area  8;  the  trontal  eye  fields.  The  region  of  prefrontal  cortex  that  is  relevant 

ler  pretronlal  regions  supports  the  thalamic  piojections  definition  of  the  prefrontal 


7, 1W2;  FunnhaAi.  ] 


Goletaiim-Ralcic,  1 989;  Fuster.  1 989;  Goldman,  Rosvold.  Veau  It  Oalkin.  1971 ; Mishkin 
4 Manning.  1978). 


prefronut  conex  (Nauta.  l971;Goldman-Rakic,  1987).  Goldman-Rnkic  (1987)  has 


stmilaf  (0  Iliat  (^>served  following  DLPFC  damage  augsesclng  an  imponant  role  for 


r.  & Goldman-Ralcic.  1 982).  The  role  of  ihc  prefionial  cortex 


8;  Pandya  & 8amcs. 


■nor  pariaul 


lobuJe  (Chavis  & Pandya,  1976;  Pandyaand  Kuypcrs.  1969;  Pethdea  A Pandya.  1984). 
that  ihU  tnlormaiion  has  already  undergone  associative  processiag  and  the  DLPFC  mav 
•privy- 10  all  Incoming  informalion"  (Ooldmnn-Rakic,  1 988,  p.  1 38).  A rccem  funcliooal 


network  (Friedman  A Coldman-Rakic.  1 994|. 

sulcus  (Cavsda  A GoldmaH'Raktc.  1989;  Goldman-Rnkic,  1987).  Although  Ihc 

that  even  wlihin  the  DLPPC  them  may  be  funciional  difTercnilblion.  Indeed  the  gieaicsi 
deliciis  on  spoiia)  delayed  tesponse  laslts  are  seen  aAer  damage  specincally  to  the  caudal 
principal  sulcus,  ns  opposed  to  lie  anieriot  extent  (aoldman-Rakic.  1987).  Cavada  and 
Goldman-Rakic  (1989)  proposed  that  regions  within  Ihc  principal  sulcus  may  be 


£ Anderean.  1 993).  Nauu  (1971)  inicrpreicd  these  palhv 


rcpresentBTionnfthe  limbic  syuent  ukn  place  primarily  In  Ihc  prefranlAl  cCFnex.  TT^cac 
conneclions  are  ihoujhi  lo  be  involved  in  moniioiine  imemaJ  emoiional  and  drive  aiaies, 

(Pandya  & Barnes,  1987;  Weinbetser.  1993). 

The  basal  ganglia  receive  direct  tuiidireclionol  projeeliuas  tmin  the  frontal 
lobes  (Alexander  etal.,  1986;  Cttmminga,  1993a).  Alexander  ei  al.  (1986)  dtscribed  the 
presence  of  at  least  live  loops  linlting  the  riontal  lobes  with  the  basal  ganglia;  the  motor, 
oculontolor,  dorsolateral  prefrontal,  lateral  urbitorrontal.  and  anterior  cingulate  loops. 
Each  loop  circuit  receives  input  from  several  funciioitolly  related  cortical  areas  that  send 
partially  overlapping  projections  to  a restricted  portion  of  the  striatum.  The  striatum  then 
projects  to  the  pallidum  and  substantia  nigra  where  the  input  is  still  further  Inlegrated. 
The substanTio  nigra  and  pallidum  projectio  adlscteic  region ofihe  thnlamus.  which  then 
projects  back  to  a more  focused  region.  E 
Ihaltimocortical  projection  which  terminates  in 


The  dorsolaieraJ  pierronial  loop  is  the  loop  that  is  of  particular  interest  here.  This 
circuit  begins  with  cortical  input  to  the  doraolatctai  portion  of  the  caudate  nucleus 
(Goldman  £ Nauia.  1977).  Projections  are  heaviest  to  the  heed  of  l)re  nucleus,  but 
signilicam  labeling  ha.s  been  found  throughout  its  length  (Goldman  & Nauia.  1977).  The 
caudate  projects  to  ihe  laiccal  aspect  of  the  medial  globus  palliduslniemaandthe 
rostroInlentJ  substantia  nigra  pars  reticulata.  Output  from  these  two  strucruie  terminates 
in  Ihe  parvocellular  ponions  ofihe  ventral  anierior  and  mediodarsai  nuclei  ofihe 


lhaJamus.  respectively.  The  circuit  enris  with  thulantic  projcctictu  back  to  the  DLPFC. 
The  five  loops  rcmaio  segregated  as  they  course  through  these  subcortical  smictttrea. 
Mega  and  Cummings  (IQPU)  suggest  that  the  f3LPFC  circuit  mediates  "esecutive" 


hypothesiaed  that  this  loop  may  be  intponrutt  with  icg&d  to  negodve  symptoms  It  also  is 
possible  that  this  loop  could  be  involved  in  disorganized  symptorus  since  it  is  thought  to 
be  important  for  planning  and  organizing  behnviors. 

Notably,  in  runcliortaj  imaging  siirdies.  some  medial  IVontai  regions,  panicuiarly 
ihose  anterior  ID  supplementary  motor  concruhave  been  idetuirted  as  being  involved  in 
intemai  generation  of  rc^tonses  (Picard  & Striek,  1996).  Similarly,  animalawtih  lesions 


response  generation  (Passiogham,  1993).  Medial  and  dorsolateral  frontal  cortices  ate 
bidirectionally  connected  and  it  is  liltely  that  Ihcy  are  difrerent  paru  of  a common 
circuitiy  important  for  response  selection  and  internal  generation  of  behavior. 

The  DLPFC  corten  has  irtdircct  coruiecu'oiis  with  primary  molor  cortex  through  its 
corureciions  with  supplcmcntaiv'  molor  and  premotor  cortices,  as  well  as  the  frontal  eye 
fields  and  cingulate  cortex  (Arfktm.  Sakai,  Hamada.  & Kubota.  1 980;  Selernon  & 
Coldman-Rakic,  1 988:  Lu.  Preston.  & Strick.  1994).  The  suiterior  colliculus  also 
receives  prpjecuons  from  DLPFC  (Goldman  & Naina,  i 976).  Furthcrmoic.  the  DLPFC  is 
intimately  connected  to  other  prefrontal  regions  such  as  the  orbiiofronial  and  mesial 
honlal  eorticea,  which  are  primarily  iclaicd  to  limbic  and  motor  htnclions.  respectively 
(Selemon&  Goldman*Rakie.  1988;  Cummings,  1993a).  Middleton  and  Stricit  (1994) 


i dehytii  t 


:(DR)insli,uiwiii 


Tword.  This  is  fi  VrOiking  me 


fforni  pooriy 


(Goldman  et  nl„  1971;  Goldman-Raklc.  1987).  In  a lesion  nudy  usini)  naive  rhesus 


receive  a revved  on  the  first  trial.  On  the  secood  iriaL  a rtwnid  is  hidden  only  in  Ihc  food 
tvcil  ihai  was  not  previausly  chosen.  The  remaining  rrials  coniinue  with  this  altemaiine 
panem.  Uhe  DR,  this  task  requires  an  on-line  represemotion  of  a previous  occurrence 
(Le.  spatial  working  memory)  for  succcssfirl  performance.  These  authors  rotind  that 
monkeys  with  lesions  confined  to  the  principal  sulcus  (PS)  region  were  impaired  on  boih 


prioelpal  sulcus  region  (e.g..  caudate  nucleus)  resuli  In  deficits  stmilitr  to  those  resulting 
from  DLPFC  lesions  (Coidman  & Rosvold.  1 570). 


cell  recording  studies  (Funahashieial..  1 585:  Fitsier,  1589).  Funahsshictil.(I585) 
demonstrated  that  during  an  oculomotor  DR  task,  a largo  subset  ofneunrns  within  the 
monkey  PS  region  become  aedve.  Many  of  these  neurons  become  active  the  moment  the 
stimuJusdisappears  fiom  view  and  remain  active  until  the  animal  delivers  a response. 
This  finding  suggests  ihul  these  cells  are  likely  to  be  involved  in  keeping  informalion  "on 
line"  during  die  delay.  Of  the  neurons  with  delay  activity,  7955  ware  directional,  ie.. 


seem  to  be  spatially  sensidve,  Moruover,  some  investigators  have  reported  delay- 
enhanced  discharge  during  delayed  response  tasks  in  key  structures  with  which  the  PS  is 
connected.  c.g„  hippocempus.  head  of  the  caudate  oucleus,  and  the  mediodorsal  nucleus 
of  the  thalamus  (Fuslcr  & Alexander,  1973;  Goldman-Rakic&  Friedman,  1991). 


:ribcd  as  ihe  brain's  "cYCCulivc  sysrem"  because 
oiy.  and  motor  functions  (Sruss  & Benson. 


■n.  ISM).  TTw  executives; 


S.S  cstabtishing  goals,  planning,  following  through  with  tasks,  shifting  strai^ies. 


with  tbc  Tower  of  Hanoi  or  the  Tower  of  London  Task.  Sballice  (1982)  reported  that 

while  those  with  right  or  left  posterior  lesions  did  as  well  as  normal  subjecia. 

Deficits  on  making  cogn/rfve  e.rrimarton.r  are  also  seen  withfi'onuil  damage 


(ShalliceAl 
gallop?"  or" 


1978).  When 


, P.  295) 


informatjon  in  organizing  information  for  aioragc,  and  aansitivity  to  itrierfercncc  from 
previnuaiy  preseniad  Irrfomreiion.  also  known  as  proacUvt  interjerence  {see  Buunr  el  aL. 
1993;  Dnmasio  & Anderson,  1993;  Lezak,  1995,  for  reviews). 

Given  the  interaclion  of  the  frontal  lobes  with  sensory,  limbic,  and  motor  systems, 
It  mokes  sense  that  patients  with  hontnl  lesions  demonstmte  probleiTLS  inhthiting 
responses,  developing  strategies,  and  making  absiraci  juilgmcnis,  h'ltrihermate,  their 

above  findings  indicate  that  lamporai  ordar  memory,  metamemory,  and  source  memory 
are  all  impaired  inpaiiems  with  preiiontal  damage,  importantly,  ihese  patients  are  not 
amncsric  in  ihe  iisditjonal  sense.  That  is,  Ih^  associative  memory  romains  intact. 
Damasio  and  Anderson  (1993)  reponed  neuropsychological  data  from  eight  patients  thru 

few  excepliona.  these  patients  performed  within  nomuri  limits  nn  a verbal  list  learning 

paragraphs,  and  paired  associate  learning.  These  ftnclings  suggest  that  patients  with 
frontal  lesions  ore  ubie  to  access  memoiy  for  infnrmaiion  lhai  they  have  previously  been 


d.  In  this  sense, 

their  impairment  is  similar  lo  the  working  memory  dcficils  described  in  monkeys  with 
make  some  sort  of  compsrison  with  either  another  imemal  rtptescntsiion 


regiati.  usiall;  induilins  DLPFC.  and  midlinc  |>relKiniaJ  irnnora  (Lhnmine,  I ';II6^ 


Milimr.  1962,1963).  While  pilienis  with  rronial  leslom  are  able  to  idcmilV  the  coireci 


siudiee  usine  single  photon  emission  compuied  loniography  (SFECTi  Rezai  ei  al..  1993). 


scrofperseverBtive  responses  we 


other  sconng  criteria.  Lczak  (1995)  teviewcd  severe)  other  studies  that  impiicflicd  the 
lemporel  lobes  and  diffuse  brain  poihoiogy  in  poor  perfonnance  on  the  WCST.  There 
does  not  seem  to  be  much  question  that  WCST  is  sensitive  to  frontal  damage.  However, 

frontal  iobes.  Convergent  evidence  from  performance  on  other  cognitive  tasks  is 

A. similar  task.  Halstead  Categorv  TestfHCT)  also  requires  fleximii>'  in  thinking 
and  abstract  concept  fonnation.  TheHCT  has  more  dimensions  than  the  WCST  and 
therefore  is  more  difftcuit.  it  also  requires  rule  learning,  while  die  WCST  involves 
attribuTeldentificniion  (Lczak,  1995).  Although  the  cognitive  requirements  of  this  task 
would  seem  to  implicate  the  prefronloJ  enre,  based  on  a number  of  (indings.  Siuss  and 
Benson  (1986)  regard  this  test  as  sensitive  for  brain  damage  without  localizing  funnion. 

that  is  novel  or]essBuiomaiic(Perret.  I974t  Leimkuhler  1985).  Dinioulryin  inhibiting 

utilization  paradigm  discussed  earlier.  The  term  "pcreevcraiion"  is  used  when  the 
inappropriate  response  is  made  repeatedly.  This  behavioral  choraetcristic  can  be  seen  in 
many  silualions.  For  esample,  an  individual  may  give  the  same  resportse  to  aeveraJ 
di(ferent  questions.  On  the  WCST  he  or  she  may  coniiaue  to  sort  to  the  wrong  principle 
in  the  face  of  negative  feedback  (Milacr,  1964;  Anderson  at  a)..  1991).  Patients  wilh 


fronial  lesions  also  are  impaired  on  tests  designed  spriciflcaJly  to  lest  inhibition  ability 


i ihe  Stroop  Inlerfcn 


:Piondiins(SlnMp,I93S)and  Luris's (1 962) Go-No<}o 
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rronifll  or  rernpom]  lobe  lesions  were  also  somowhai  Impaired,  the  right  frpmal  patronla 
producrd  significantly  mope  persevenrive.  and  fewer  novel,  responses. 

As  discrrssed  earlier,  the  abtliry  to  plan  and  follow  Ihiough  with  plans  is  often 
devasiaied  In  paitems  with  ftonirJ  injuries  (Damasro  & Anderson,  1993;  ShaJItce.  1982). 
Like  the  Tower  of  London  insk,  ihc  Trail  Making  Tost  reriiriies  planning  and  aequencing 
abilities.  Patients  with  prefrontal  tumors  ore  impaired  on  this  lost  {Leimkuhlcr.  I9B5). 
However,  some  patients  with  large  bilateral  prefrontal  lesions  are  tmimpaired,  while  some 


suggesting  that  It  Isa  nonspecilic  res  of  brain  damage  (Lezak,  l995;Stuss  & Benson. 
1986).  However.  Sltiss  and  Benson  (1986)  stale  lhai,  qualitatively,  paileoia  with  Ironial 
lesions  may  be  dislinguiahed  from  other  patients  in  thnr  qualitative  perfomrance.  They 
tend  to  be  very  disorganized  in  their  approach  to  the  task  and  fail  to  maintain  set  more 

Similarly.  Milner  (1962)  found  that  ailhough  patients  with  tempoial  lobe 
excisions  were  impaired  on  a stylus  matte  learning  task  and  required  significantly  more 
teaming  Irials  than  those  with  fromal  and  posterior  excisious,  paiients  with  eliher  left  or 

an  ttrabiliiy  to  inhibit  tnappropriaie  responses,  o tendency  to  perseverate,  and  difficulty 


keeping  instructions  in  working  memory  duriog  the  ta^  (Milner.  I 


Shon  unn  relemion  is  also  considered  to  be  Bn  imporum  fiiDcbon  of  the 

lechnique  used  to  messuie  short  icrm  retemion  in  the  face  of  distraction  (Peterson  & 
Peterson,  19S8|.  Korsakoff  patients  were  highly  susceptible  to  disttnclion  and  performed 
poorly  on  this  task,  which  these  outhors  atittbuied  to  their  prelrontal  pathology  (Bimers  £ 
Cenrutk,  I97S).  Lctak  (1995)  indicated  that  patients  with  let)  hippocsmpal  resection  are 
also  impaired  on  this  task.  Again  this  task  seems  to  he  sensitive,  but  not  specific  to 
prefrontal  damage. 

Other  (ttnerions  that  have  been  anribuied  to  the  prefTontal  region  include  selective 

obiJillesfLuria.  1962:  Sittsa  & Benson,  1986;  Fusrer.  1989;  Damasio  & Ajtderson,  1993; 
Lezak.  1995).  This  exicnsiv'c  list  of  ftinciions  does  not  exhaust  the  various  deficits  that 
have  been  observed  with  preftdnlai  injuries.  What  con  be  glearted  from  this  review  is  that 
the  prefrontal  region  is  involved  in  wide  range  of  functions  IrKluding  planning. 

infonnation  in  short  term  memoiy.  Most  of  the  tests  described  above  are  sensirivc  To,  but 
not  specific  to  prefruntal  pathology.  This  is  not  surprising  given  the  wealth  of 
connections  between  this  region  and  other  cortical  artd  subcortical  brain  auvciures. 


within  the  piefrontal  co 


-Raiui:.  I9g7). 


responK  is  msdc,  v.t  would  expoci  hununs  with  prcfnmBi  losiuns  ru  dcmotistratc  tho 
same  kinds  of  wortuDg  momoiy  deficils  that  have  been  found  with  monke>s.  In  facL 


1 lasks  that  weie  original  iy  designed  i 


casks  used  witi 
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lesions  wen:  imp&ired  on  etimost  oil  ihe  lasVs  iclailve  lo  normal  controls  and  paiicnis  with 


InicTCsibgly,  on  the  inliin]  DAta^.paiieniswilh  lionlal  [esions  performed  bcDerthrm 


strategy  and  nijioniaiioally  fell  into  a routine  ofalicmating  their  responses.  In  contrast, 
the  two  control  groups  made  several  errore  as  they  ihed  various  strategies  before  settling 
for  one.  The  authors  concluded  that  one  of  the  functions  of  the  frontal  lobe  is  to 
"clabomie  goal^directed  programmes  and  perniir  their  expression  by  the  inhibition  of 
more  autontaiic  ociiviiies.  Ibis  loss  of  ability  to  mhibiisieteotypes"  may  account  for  the 

Functional  imaging  studies  also  suppon  the  central  role  of  DLPFC  in  spatini 
working  memory.  Activation  of  the  DLFFC  (i.e.  areas  46  and  9)  has  been  found  using 
PET  in  norms!  humans  during  performartce  spatial  wod.ing  memory  lask  (McCarthy  et 
al,.  1994),  These  authors  reponed  bilaiernl  activation,  with  the  right  hemisphere  showing 
more  aclivaiion  than  ihe  left,  fitntilarly.  Jonides  et  al.  (1993)  teponad  a PET  study  which 
revealed  activation  primarily  in  the  DLPFC  in  the  right  hemisphere  of  normal  human 
subjects  dtiring  a spatial  working  memory  test.  The  focus  of  this  activatinn,  howover,  was 
in  area  47  which  is  just  ventral  lo  area  46  and.  therefore,  not  cniireiysuppordve  of  central 
role  of  DLPFC  in  spatial  woriting  inemoiy  in  hitmans.  Activation  also  was  found  in  the 
right  accipiiai  lobe,  parietal  lobe,  and  premotor  cortices,  which  are  ail  considered  u>  be 
part  of  working  memoiy  dicnilry  (Jonides  ci  al.,  1993;  Ooldman-Rakic.  1987). 


Thus,  spatial  working  memory  in  I 
ceicnL  on  the  iniegriry  of  Ihe  OLPFC.  On  spaiial  DR  tasks  that  closely  resemble  those 

in  at  least  one  sluiiy.  However,  the  exiem  of  involvement  of  other  bruin  regions  for 
human  DR  perrormance  is  not  clear. 

memory  is  conceptualised  within  the  animal  literature  ventus  the  human  literature.  Within 
the  animal  liiutature.  traditional  working  memory  tasks  leguire  onimals  to  hold 
information  in  mind  over  a delay  and  produce  a re^ronse  with  no  externa]  cues  to  guide 
behavior.  Within  the  human  iiteninrre  it  is  common  to  impose  distioction  during  the  delay 

delays  and  mote  complex  tasks  are  used  with  animals,  lesions  of  mesial  temporal 
structures  also  impairs  performaoce. 

Goldman-Rakic  and  her  colleagues  assigned  a veiy  specillc  role  to  the  DLPFC  io 
mon)tcys.namcIy  spatial  working  mamoiyiaoldroan-Rakic,  1987, 1992},  While  the  data 


des,  1991a,  1991b;  Pciridea.  Aliviaoros, 
Meyer,  £ Evans,  1993).  Petrides  (1991b)  found  that  monkeys  with  lesions  ioareas46 

responses  [condirion  A).  In  oonirasi,  the  animals'  ability  lo  visually  discriminate 

}.  In  condition 


A.  the  animaJs  were  pteaenled  with  3 objects.  'They  were  allowed  to  displace  i 


objects  10  obiaio  a food  reward.  Immediately  aller  this  pfescniation,  an  opaque  screen 
was  lowered  to  hide  the  objects.  When  the  screen  was  raised,  the  monkey  saw  two 
objects.  One  of  the  objects  was  that  previously  selected  by  the  animal  aird  the  other  otyect 
was  one  of  the  two  that  were  not  selecicd.  In  order  to  receive  the  food  reward,  the 
monkey  was  required  to  displace  the  object  that  was  not  previously  chosen.  In  condition 

phase,  the  object  that  wns  chosen  on  the  preceding  presentation  was  paired  with  a novel 
object.  The  monkey  was  required  to  choose  the  novel  object  in  order  to  receive  Ihe  food 
reward.  As  indicated  above,  monkeys  with  lesions  to  areas  46  and  9,  were  impaired  on 
condition  A.  buinoi  B,  indicating  a specific  deficit  in  nrcailing  previous  responses.  The 
locations  of  the  obiccis  in  these  tasks  were  random,  arguing  against  spatial  working 

Pelridesand  Milner  (1962)  reported  a similar  deficit  in  human  subjects  who  had 


These  aulhois  used  a set  of  four  tasks  which  they'  colled  a 'sclf'ordercd  pointing"  task' 
Each  of  the  four  tasks  involved  a difTcrenityjre  of  stimuli:  tdrstracl  designs. 

presented  with  a serial  sequence  of  pages  one  at  time.  The  same  .set  of  stimuli  was 
presented  cm 


exeojtion'*  (PeiridesiE  Milner,  1982.  p 249).  In  other  words,  the  te^  requires  working 
racmoij  rorse]r<iniiiaied  responses.  This  la^  diflers  ftom  spaliol  delayed  response  tasks 


DciivB  updating  of  short  lenn  niernory  wtih  nevr  informaUon  over  a period  of  liine. 
Patients  with  frontal  lobe  excisions  wore  impaired  on  all  four  taslca  relative  to  nomia] 
centrois  Left  frontal  lobe  lesions  impaired  perrorntance  on  all  four  tnaVe,  whiie  righi 
Iranlal  lobe  lesions  alTected  performance  only  on  the  two  nonverbal  tasks.  Tbe  authors 
hypothesized  that  the  left  hemisphere  may  play  a dominant  role  in  the  programming  of 
re^onses  and  they  suggested  that  an  active  working  memory  may  be  dependent  on  the 
left  hemisphere  for  some  degree  of  verbal  mcdiniion. 

In  two  PET  studies.  Petrides  and  colleagues  found  activation  in  the  mid<DLPFC 
(areas  46  & 9)  during  self*ordered  la^  (Petrides  et  til..  1993;  Petrides,  Alivlsaios.  Evans, 
& Meyer.  1993).  For  the  nonverbal  vetsion,  activation  was  bilatcml,  but  greater  in  the 
right  OLPPC.  The  verbal  working  memory  tasks  produced  strong  activation  in  both  the 
right  and  left  DLPFC. 


Neuropsychological  studies  of  schizophrenia  have  lead  to  a number  ofeonfliciing 
and  complicated  ftndings.  Some  investigiiiors  have  Inierpreted  their  findings  ns 
supporting  generalized  bilateral  dysfurtedon  with  no  localized  dysfunction  (Blanchard  & 


in  that  in  addition  to  having  no  cue  (rom  the  environment  to  guide  behavior,  it  requires 


Ncalc,  1494). 


Iai«rall2ed  (othe  left  hemisphere  {Flpr-Heniy&  Yeudall.  1979;  Weinberger  £ Bcrmui. 
1988).  Slill  oUsers  hove  round  dinercmiol  impoimienls  of  the  ftomolemporal  system  or 
Ihe  lcmporoitmbics)'SKm(SeykinetoJ.,  1991;  Weinberger.  Bemian.  Suddoih.  £ Toney, 


There  are  a number  of  methodologicol  issues  In  Ihls  rescoreb  Uial  ore  liltelv  (o  be 
Ihe  eause  of  these  confiicring  findings.  First,  the  medicalionsunisofrescereb 


given  to  iieai  the  esMpyremidel  effects  of  the  ncuroleptie  medication,  has  been  found  to 
1 988;  Gold  & Hnrvey.  1993).  Thus,  interpretation  of  cognitive  impaimicnis  observed  in 


have  suggesled  ihoi  dopaminergic  drugs  affect  frontal  metabolism  and  possibly  cognitive 
functions  M well  (Early  et  al,  1987).  There  is  evidence  of  increased  caudate  volume  with 


based  on  pedbnnBnca  on  any  iodividuaJ  lask.  h 
of  nauropsycholoBjcal  lasts  i}oi  assess  all  areas  of  cognitive  funciioning  would  be 


Fourth,  as  previously  discussed,  Ihc  helerogeneity  of  schizoidircfiia  presems  a 

population.  Eatreme  variance  within  and  between  patient  groups  may  "wesh  out" 
polenliaJly  important  ditrerenecs,  Exploring  the  nauropsychological  deficits  associated 
with  spccilic  signs  and  symptoms  of  scbizoplirenia  avoid  Ihc  problem  of  heterogeneity  of 
symptoms  and  has  recently  become  more  popular  (Frith,  1902;  blolaralaL.  1994),  We 
have  adopted  this  suuiegy  and  will  explore  the  relationship  betweec  specific  negative 
symptoms  and  slrucltirtlj  and  ftinctionaJ  brain  abnoTmaliliesoflbcDLPFC. 

Another  concern  is  ihai  oeuropsydtologicul  studies  of  prufromai  functions,  in 
panicular.  suffer  from  our  luck  of  knowledge  nboui  the  functions  of  specific  subdivisions 
of  the  ptefronisl  cortex.  The  term  "fronlnl  lohe  rests,'’  refeia  to  tests  that  reveal  deficits  in 
patients  with  tumors,  vascular  insults,  pcnctmiing  wounrls,  closed  head  injuries,  and  other 
diseases  that  affect  frumsl  cortex,  it  is  rare  to  find  patients  with  discrete  lesions  in 
specific  regions  of  the  prefroninl  cortex  such  ns  the  DLFFC  (Shallicc.  1982:  Stuss  & 
Benson.  1986).  Punhermote,  areas  within  Ihc  prctronial  cortex  arc  highly  imerconneciad 

(Goldman*Rakjc,  1937). 


rc^ooal  functions  of  the  prefrontal  cortex  has  come  from  animal  lesion  studies. 


) prefromalt 


ognized  thal  poor  performance  on 


mMbricn^laicr, 


Beech  cl  a],  (1591)  used  a varialion  of  the  Slroop  paradigm  lo  invesligaic  aelcclivc 
BTcnlion  in  uchiinphrenia.  They  found  ihai  when  a disimctor  thai  was  previously  i|jnored 
is  represened  ihere  is  an  incpeased  reaciion  time  for  normal  subjects  but  not 
schiiophrenics.  They  concludeil  that  schizophrenia  results  in  premature  release  from 
cognitive  inhibition. 

Schizop^nics  are  also  noted  to  be  impeiired  on  other  tests  that  tap  prefrontal 
functions.  For  instance,  they  make  more  errors  on  the  Continuous  Performance  Test 
[CPTX  which  requires  sustained  anencion,  short  term  memorv.  and  inhibition  of 
Insppropnate  responses  (Gold  & Harvey.  1993;  Seidmanelal..  1994).  They  require 
many  more  trials  than  controls  To  complete  the  Tower  of  Hanoi  puzzle,  which  rests 
planning  and  problem  soIvingabilities(Goldberg*Weinbrngcr,  1988).  Theyhavealso 
been  found  lo  be  impaired  on  rests  oflcfl/right  oricniBiion  and  immcdiaie  memory  for 
tactile  ^lial  infoimaiion  (Malec.  1978;  Kolb  A Wishaw.  1983). 

Some  researchers  have  attempted  to  rest  more  specific  functions  of  the  prefrontal 
eonex  by  using  experimental  paradigms  that  have  beeu  used  in  cognitive  and 
physiological  psychology  research.  Schizophrenics  have  been  found  to  be  impaired  oo 
tasks  that  require  actively  maintaining  represeniaiions  in  short  term  memory  (i.e.  working 
memory)  and  olher  taaks  ihal  are  sensitive  to  duisolarerel  prefrontal  damage  (Park  & 
O'OriscolL  in  press:  Pork  & Holzmon.  1992.  l993;Spiuret.  1993;  Goldberg  eial,  1990). 
Oo  an  oculomotor  DR  task  similar  10  one  used  with  monkeys  (Funnha.shi  el  ai.,  1989), 

schizophrenics  are  leas  accurate  and  slower  fn  responding  lhan  controls  (Pork  & 

Hoiizman.  1992, 1993).  They  are  also  impaired  one  version  of  the  task  that  requires 


roimal  responding  (Sptztr.  I«3), 


AJlhough  many  researchers  repon  prefrontal  dysfunction  la  schizophrenia,  not  all 
patients  fhll  within  the  impaired  range  on  neuropsychological  tests.  Although,  as  a group, 
they  tend  to  perforai  more  poorly  than  nonnal  controls.  Individual  patients  may  perform 
within  nonnal  llmib  or  even  above  the  nonruiJ  mean.  The  study  by  Goldberg  el  al.  (IWO) 


(Harness.  Benthal.  & Cormort.  1 977;  Goldbe^  el  al..  1990;  Gold  &.  Harvey.  1993). 


nlng(Cuning. : 


L,  1992:  Goldberg  ei  al. 


Idbcraeial.  11990) 


tasks  or  sioiistica]  analyses  ihai  comrol  for  addiiionol  * 
order  lo  lease  oui  ihc  conlribuiions  of  other  cognitive  i 


perfoimance  one  range  of  cc«nitivc  tests  (Stiimss  ei  al.,  1974;  Ciow.  1980).  They  have 


itlarged  veotricte 


lestio^  ajihough  on  the  second  resiling  day  (be 


neifaiive  and  disorgonjZBi 


(l.e.  thou^t  disorder  arrd  inappropriate  a^eci)  has  also  been  associaied  srnih  impaired 
performance  on  other  tasks  that  lequtre  inhibition  of  tnappropnste  responses  (i.e.  Stroop 
Color  Naming,  Trail  Making  Test  R;  Dolan  et  al„  1997). 

In  summary',  there  is  some  behavioral  and  cognitive  evidence  that  Ihc  prcfronial 


anrrwered  with  imaging  and  physioiogical  techniques.  The  following  section  reviews 
some  of  the  neuroanntomical  and  metabolic  ftndings  of  patients  with  schizophrenia. 

Since  the  majonry  of  studies  have  explored  schizophrenia  as  a uni 
first  discuss  the  neuropeihnlogic  findings  for  schi'cophrenia  os  i he 


Brain  Ifathnlonv  in  Sehir 
Stnielural  Brain  Abrtormaliliesin  Sehieonhrenia 


nl.  I98S;  Brown  ctal.,  l986;Gur  et  al.,  I994J,  There  have  also  been  repons  of  decreased 


CompuiRl  tontography  (CT)  sludies  have  coosislemly  shown  latent  vcncncular 
enlargement  (Johnstone,  Crow.  Frith.  Husbtind.  4 Kieel,  1976;  Johnstone  etnl..  1978). 
To  control  for  possible  leduciions  in  total  brain  size,  o common  measure  of  vemticular 
size  is  the  vemticular  brain  ratio  (VBR).  Schizophrenics  have  enlarged  VBRs  compared 
to  normal  controls  (Andreasen  et  al_  1982;  Delisi.  Goldin,  Hatnovit.  Maxwell,  Kurtz,  i 
Gershon.  1986).  In  his  review  eftheCT  literature.  Cannon  (1994)  stated  that 
appraximaiei)'  three  (ouiihs  of  the  CT  studies  looking  and  VBRs  In  schizophrenia 
detnonstrated  a significant  degree  of  vemticular  enlargement  in  pstients  as  comptued  to 
non-psychiatric  controls  while  one  fourth  report  negative  findings.  There  b some 
evidence  that  increased  VBRs  ate  gteaier  in  female  padents  and  in  the  left  hemisphere 
(Harvey  el  al„  1993).  Investigations  of  the  third  ventricle  are  not  as  coimnoc  but  have 
demonstrated  enlargement  in  schizophrenic  paiicnis  (Cannon,  1994). 

MRl  studies  have  generally  been  consistent  with  CTand  postmortem  studies  In 
demonsiruiing  smaller  overall  cerebral  volume  and  cnlargemenisofthe  ventricles  in 
schizophrenics  compared  lo  normal  controls  (Gur,  I992t  Gutetal.,  1994t  Andreasen  ct 
aL,  1986t  Schaepfer  at  aL  I994t  Zipittsky  et  al,  1994). 

Another  indicator  of  relative  loss  of  brain  tisaue  in  schizophrenia  is  the  presence 
of  widened  conical  sulci.  Cannon  (1994)  reported  that  approzimalcly  2/3  of  puUbhed 
CT  studies  found  evidence  of  enlarged  sulci  In  schizophrenia.  Despite  failure  lo  find 
enlargement  of  lateral  vemricles,  in  a group  ofunmedicaicd  schizo|9irenics,  Rubin  el  al. 
(1993)  found  sulcal  enlargemcm  in  the  Sylvian  and  inierfiemispheric  fissureo  as  well  as  in 


hcimspherc.  Increased  sulcal  DuUI  has  also  hccn  found  with  MRJ  (Harvey  el  aL.  149$). 
colleagues  have  cortducied  a series  orposimonem  studies  eaamining  the  naiurc  ofihe 

cellular  pathology  in  schizophrenia  (Benea,  Davidson.  £ Bird.  l486;Benes.  1943tBenes 


el  ah.  I99n.  In  one  study,  they  discovered  that  neuronal  density  was  lower  in  Ihc  layer 
V)  of  the  prefronlal,  layer  V oflhc  cingulate.  layer  Ul  of  the  motor  eortex,  and  most  layers 
of  the  premotor  conex  of  schizophrenics  compared  to  normal  controls.  Moreover,  ihere 
were  no  differences  between  the  ratio  of  neurons  to  glial  cells  in  the  two  groups.  These 

glial  cells.  They  suggest  that  the  neuropaiholo^  ofschizophienia  is  at  the  level  of 
cyioarchiiectural  variations  possibly  occurring  In  the  early  stages  of  development.  In  a 
later  study,  Benes  el  bh  (1991)  found  that  decreases  in  prefronlal  neuronal  denmry  seemlo 
be  ctiiibutcd  to  low  levels  of  small  iniemeurotts.  rather  than  fewer  large  pyramidal  ceils. 
Rajkowsho.  Sclemon,  and  Goldman-Raltic  ( 1 994X  also  reponed  prefntnial  abnomtblities 

neurons  in  ihe  prefrontal  conex  than  normal  controls  fSelemnncial.,  199$). 

Due  TO  poor  resolution,  few  CT  studies  look  at  difTerences  in  specific  conieoj 


ides  (SchiMer, 


analyses,  they  rarely  report  the  types  of  symptoms  displayed  by  their  | 


K wiihoui.  If  only  some  of  ihe  sympioras  of  sehiso|Aionis  involve  prefroniil  cm 
variabilily  within  Ihc  group  would  tedtice  our  abUjiy  to  delect  bmin  ubnomiBlitio 


ving  body  of  Iliciature  of  cerebral  blood  flow  and  cerebral  mctab 


en  (1974)  were  mtiong  the  first  loidemifyicsoual  difierenccs  in 
hizophrcnis  compared  to  neurologically  healthy  controls.  They 
was  associated  with  decreased  resting  re^onal  cerebral  blood 


T study  by  Weinberger  el  ai.  (1992)  is  ponicularfy  iraportunl  because  the  subjeou 


; hypofroniat,  i.e. 


metaboliun  was  lower  than  in  norma]  comroU.  bur  noi  necessarily  lower  than  baseline, 
compared  lo  their  non*aJTecied  twins.  In  the  aJIected  twira,  but  not  in  the  unalTecIcd 


rvely  related  to  both  left  and  nghl 
hippocampal  volumes,  stigjcsiing  that  these  regions  may  be  differeoi  parts  of  the  same 
network  that  is  impaired  in  schizophroaia.  Further  supporting  hypomeiaboEism  in  the 
prefrontal  cortex  is  the  finding  that  drug  naive  schreophrenics  have  lower  levels  of 

region  (Peticgrewel  aL,  1991). 

Others  have  failed  lo  find  "hypofrontaJiiy"  associated  with  schiaophrenia  (Early  at 
al„  I9B7).  Early  and  colleagues  examined  unmedlealed  schizophrenics  and  did  not  firtd 
evidence  of  hypolioQiality.  They  concluded  that  the  so  called  hypofrontaliry  reponed  by 
others  is  probably  an  effect  of  medication.  However,  positive  llndings  reported  for  drug 


this  hypothesis  (Bushbaum  Cl  ol..  I9n;  Pattegrew  in  al..  1991:  Dolan  ei  al„  1993). 
Weinberger  (1993)  suggests  that  the  conflicting  findings  are  actually  due  to  differences  in 
methodology.  Those  that  repoit  negadve  findings  (e.g.  Early  eial..  1 987)  measure 
metabolism  or  rCBFat  test  lalhcr  than  during  tasks  Ihalteduiie  the  inlegri^  of  the 

region  It  1$  necessary  to  lax  that  area  cognillvely. 

Thus,  finding  from  PET  studies  provide  some  of  the  strongest  evidence  of 
pcefromui  involvement  in  schizophrenia.  There  is  also  some  evidence  from  PEfsTudies 


that  abnormaJiiias  with  OLPFC  may  be  jpeciflcally  involved  in  producing  some  of  the 
negative  sympuima(Dolimelal.,  1993:  Wtilkmei  al..  1992;  Hemmingsen  et  al„  1994). 
The  relationship  of  specific  negative  and  positive  symptoms  to  regional  slnicliiraj  and 
functiooaJ  brain  abnormalities  will  be  disclosed  oexL 


RdaSionahiilofSneeilicSvmnionn  in  Regional  Brain  Abnocr 


(Or  sysietns  involving  DLPFC)  snd  the  severity  of  negative  symptoms.  Correspondence 
between  speciFc  symptoms  and  anatomic  and  functional  abnormalities  have  been 


reported  by  several  investigaiora.  There  is  subsuuillal  evidence  ihai  the  negative 
symptoms  of  schbnphrenta  ore  related  to  various  brain  abaarntaJiiics.  The  question  of 
whether  these  are  regionally  specific  orgenetaiized  remaitus  controversiaf.  Tbefiodings 
regarding  positive  symptoms  have  tended  to  be  more  reglanally  specific. 

Vemricular  cnIergemenL  panieulorly  within  Ihe  frontal  horns,  has  (requemiy  been 
associated  with  negau'vc  symptoms  (Andreasdn  et  al.,  I9S2;  Andieasen  & Olsen.  1982; 
Andreasenetol.,  1990).  Increased  ventricular  siae  in  schiuphionia  is  also  aasociuied 
vriihgeneraJ  eogniiive  impairment  (Johnstone  el  oL,  1976:  Johnstone  etaJ.,  1978; 
Andreasoneial.,  1982).  Keilpeiol.  (1988)  found  that,  wiih  their  group  of 

intellcclua)  deficita,  problems  with  conceptual  thioiting,  immediate  verbal  memrsry,  and 
psychttmoior  speed.  The  size  of  Ihe  body  of  the  laieral  venirfetes  was  positively 


corr«]aled  with  p^cho 
memory.  Severity  of  r 


re  sympiomotology  also  was  itegaiivcjy  correlaietl  with 
measures  of  psychomoior  speed  ard  aJiemeiion  (i.e.  Tapping,  Trails  B).  but  not  ventricle 

Increased  sulcal  cerebtos|rinBl  fluid,  decreased  local  brain  siec,  and  smaller 
intracranial  volumes  also  have  been  found  to  be  related  to  aegalive  symptoms  (Andreasen 
ei  al„  19K:  Gurelal..  1990).  Arsdreasen's  group  found  that  negative  symptoms  (i.0. 
aJogia  affectivT  blundng,  avoliiion.  anhedonia  and  ancationaj  impairment)  were 
associated  with  deereased  cerebral  and  cranial  size.  In  addition,  poor  performance  on 
cognitive  tests  setisilive  to  fromsi  lobe  damage  (i.e.  WCST,  Siroop,  COW  A)  were 
aaaoeiated  with  decreased  craaiel  and  cerebral  size,  but  not  IromaJ  size. 

A relationship  between  negative  symptoms  and  siructural  and  functional 
abnotmsiitiesof  ihe  DLPFC  has  been  implicated  by  some  investigators.  Negative 
symptoms  have  been  assoclaied  with  decreased  glucose  meisbolism  In  the  DLPFC  (Dolan 
elol.,  1993;  Wolkin  ct  al„  1992;  Hemmingsenctai,.  1994).  However,  in  rwo  studies  diet 
also  looked  at  anatomical  data,  there  was  oo  evidence  of  coircapondlng  structural 
abncrnnaJiiiesintheioiul  prefromai  region  (Wolkin  et  al,  1992;  Hommingscn  el  al., 

1994),  In  an  MR)  study,  severity  of  negative  symptoms  in  a group  of  chronic 
schizopdirenics  was  related  to  higher  Icfl-lronlahlempora)  T2nuios  indicating  possible 
leA  prefronial  tissue  pathology  (Williamson,  SeU,  Metskey.  Morrison,  rk  Conlon,  1991). 

Contradictory  findings  also  have  been  reported.  Paine  ei  si,  (1992)  found  oo 


I (he  size  of  prefrontal  areas  (MRJ  i 


i of  single  slices 


62 

in  three  plnnes)  and  symptom  type  or  severity.  AddiiionaDy,  perfortrance  on 
neuropsychoiogicat  mcesuics  of  prefreotal  fttnciions  were  not  es-sociaied  with  prefranial 
sise.  Buchanan  and  his  colleagues  found  that  padenis  v/ith  a nondefic/r  syndrome  (ie, 
lack  of  negative  symptoms)  have  smaller  prefrontal  volumes  than  those  with  o's/Tdi 
syndtonu,  in.  those  with  enduring  negative  symptomatology  (Buchanan  et  al.,  1993). 

schiaoiriironics  with  nepttive  syraptoms  from  those  with  positive  symptoms.  Both  deficit 
and  nondelicit  groups  had  enlarged  IcA  caudate  nuclei.  However,  deficit  patients  difieicd 
from  nondefidt  patients  and  normal  controls  in  that  their  caudate  nuclei  were 
.symraetrical,  while  Ute  other  groupa  had  larger  right  than  left  caudate  nuclei.  This  ftitding 
is  complicated  by  results  from  another  group  of  investigators  that  finutd  bilateral 
decreases  in  caudoie  volumes  in  padents  with  negative  symptoms  (Young  et  al.,  1991), 
However,  the  laner  authors  used  eight  mm  brain  sections,  compared  to  Utree  mm  slices 
used  by  the  former,  which  may  have  resulted  in  error  due  to  partial  volume  avciaging  in  u 

In  conflict  with  evidence  that  rtegaiJve  symptoms  are  associated  with  ventricular 

have  ittrger  VBRs  than  padenis  with  negative  symptoms  and  norma]  controls  (Young  ct 
ttl.,  1991).  Sdll  others  have  reported  that  increased  VBRs  were  associated  with  severity 
of  both  positive  end  nepiive  symptoms  (Cur  eial..  1994). 

The  positive  symptom,  severity  of  auditory  haJIucInaiions.  has  been  associated 
with  decreased  fell  temporal  lobe  and  left  superior  temporal  gyrus  volumes  (r  = .7l);  Borta 


diaudEr(Shemon  et  d..  19<)2). 


sympiom!  are  more  {pecificallj  associated  with  prefronul  abnomialiiies.  Although 
positive  symptoms  are  not  the  focus  of  these  thesis,  it  is  noteworthy  that  positive 


ave  been  put  fon 


schizophrenia.  Frilh  refers  ur  observable  behaviural  ahnormaJiliesofsehizophreniaas 
signs  (i.e.  (Utarfect.  disorganized  speceh)  and  to  expcpienlislabuonnaliUes  as  symptoms 
fe.g.  balludnations.  delusions). 

Aeeording  to  Frith's  model,  there  arc  two  routes  to  action.  Some  actions  arc 
earned  out  in  response  to  environmental  stimuli.  Others  are  seemingly  spontitneous  and 
self  initiated.  For  eaaraple,  seeing  a red  light  when  driviag  elicits  a stimulus  driven 
response  (le.  stepping  on  the  break).  On  the  other  hand,  an  individual  may  decide  to  slop 
the  car  based  on  internal  goals,  siieb  as  the  desire  to  rest,  in  the  absence  ofany  eatemal 
cues.  Frith  suggests  that  people  with  the  negative  symptoms  ofschtaophrenia  have 
problems  with  the  latter  type  oF action,  which  he  calls  the  'willed  mute  to  acrion."  This 
motlel  is  iilusiralcd  in  Figure  1. 

Frilh  suggests  that  schizophrenics  with  negative  behaviomi  features  tut  not  able  to 
translate  their  goals  into  inteniitms  and  subsequent  actions.  His  model  predicu  that 
damage  to  the  'willed  route  to  action"  would  produce  three  possible  outcomest  (1)  the 
inabtLty  to  initiate  action;  (2)  the  tendency  to  repeat  a previous  action  or  produce 


response  to  a stimulus  in  the  environment. 


The  first  prediction  is  supponed  by  the  observation  that  schizo|dtrenjcs  with 


The  primary  supporting  evidence  for  this  prediction  comes  from  the  ncuropsychologicaJ 


IlKraiura  which  indicsies  ihai  schizophrenics  as  well  as 
lobe  damage  BTC  impaired  on  COWA  and  design  fluency  (Kolb  & Wishaw,  19B3:  Snisa& 
Denson,  I9S6;  Lodesvyk  & Wong.  1993).  In  addillon,  Frilh  and  his  colleagues  have 

poor  performance  oa  COWA  and  have  linked  this  deficit  to  the  dorsolateral  frontal  lobes 
primarily  ort  the  basis  PET  studies.  Although  deficits  on  COWA  may  be  the  resrrlt  of  a 
depleted  store  of  words  in  the  lexicon,  problems  may  also  result  from  an  inability  to 
perform  a self-direeied  search.  Civen  that  schizophrenics  perform  relatively  well  on 
vocabulary  tests.  Frilh  suggests  that  their  lexicon  is  imacL  but  that  their  ability  to  perfrmn 
asdfdiiecied  search  is  impaired  (Frith,  1992). 

demonstrate  a tendency  to  repeal  u previous  action  ur  produce  steieoiyped  lesponscs  is 
sponinneousty.  This  prediction  has  been  tested  with  a i' 
cards  would  be  red  or  black  (Frith  £ Done,  1988).  Schizophienics  had  a tendency  to 

This  tendency  to  perseverale  is  also  seen  on  other  tests  such  as  design  fluency,  and  the 
WCST(Kolb&Wi5haw,  1983). 


intact.  According  to  Frith,  incoherence  of 


There  arc  isvo  premiss  To  Shalliee's  modei;(l)  routine  seleclion  of  routine 

re<|uires a Mipervisory  "enecuilve" syaicm.  Thismodel  Is  illusimcd  in  Figure}.  Shallicc 
suggests  that  we  possess  core  programs  Ibr  actions  which  cac  be  cUcited  autoinaticaily 
artd  with  little cfTort.  Theseprogianis  are  triggered byenvironmenlttl  stimuli.  The 

inhibition.  The  most  highly  activated  schenutu  is  ultimaleiy  implemented,  while  the 
others  arc  suppressed.  This  process  occurs  wilhin  what  Shallicc  refers  to  as  the 

While  the  contention  scheduling  system  is  able  to  operate  on  its  own.  for  normal 

piovidcs  input  on  internal  motives,  and  learns  from  its  mistakes.  Shallice  refers  to  this 
executive  system  os  At  Supervisory  Airwianai  Syslffm(SAS\  If.  for  example,  an  aJann 

"snooze."  However.pcessingsnoozejssimplyihedefBuitiespon.se.  Internal  motivations 
and  plans  may  lead  the  SAS  to  ovemtlc  the  "sno 


in  stimulus  driven  behavior  that  is  inappropriate  to  the  situation,  in  addition,  he  suggcais 


Flame  2.  Shallice's(l988)  I 


I h&5  trouble 


]988).  Focusing  on  urea  46.  aileviaies  the  problem  ofheieroyeneicy  of  paiholog>' within 


symptomatology  of  schizophrenia. 


Rationale  of  StudtMid  Hypotheses 


This  project  was  motivated  by  the  knowledge  that  preftonial  lesions  in  humans 
and  primates  lead  to  behavioral  deficits  that  closely  resemble  the  negative  symptoms  and 

neurophysiology,  and  ncurtanatomic  studies  point  to  the  dorsolateral  prefrontal  area  as 


working  memoryl  that  have  been  found  to  be  specirically  associated  with  this  region  in 
id,  we  eaammed  the  stistctural  integriry  of  this 

relationships  between  negative  symptoms  snd  both  structural  and  cognitive  measures. 
The  following  specifie  questiorts  and  hypothesis  wete  addressed:  Is  working  memory 
related  to  negative  symptoms?  Is  the  size  of  area  46.  related  to  negative  symptoiivi?  Are 


Ihere  group  diffej 


h Working  Mrmory  Peifarmance  ftelolet/  to  tJrgoltve  Symploms?  We  aiidies^ 
ihis  queeiicm  b;  examining  ibc  rolalionihip  beiween  negallve  syroploms  and  performance 


on  two  working  memory  leau.  The  spatial  delayed  response  task  (SORT)  (Park  & 


I98S]  were  used  because  they  have  I 


primale  with  lesion  aitd  single  cell  recording  studies  (Goldmari'Rakic,  19S7)ondin 


«Iih  gi««c 


region  is  comaios  audltDr>  associalion  conex  and  therefore  ma>'  be  involved  in  phonemic 
discrimination,  our  control  task.  Some  authors  have  reported  abnormal  assymeiry  of  the 


that  pathology  in  this  brain  region  is  associated  with  negative  symptoms.  Therefore,  we 
predicted  that  the  rire  of  the  planum  temporaie  would  not  be  aasuciated  with  negative 


Specific  hypotheses  i 


symptoms.  Finally,  it  wv  predieu 


reJ7e 


•-n  group  dtfferencus  between  schaophrenie  paUems  and  eonlroh  thor 
rtyHngprocees  thru  Is  comrnon  to  at!  Jbrmx  o/xkisophrenlu?  This 


heterogenous  graup  and  the  purpose  of  this  study  was  to  ecantine  the  relaiionshlps 
between  spccjllc  symptoms  end  regional  hraiD  pathology.  Nonetheless,  group  differenees 


of  symptoms,  there  may  be  an  underlying 


METHODS 


THemy>thm  patients  diagnosed  with  schizopiimua  oecording  to  DSM-fV  critene 

services  ai  the  Veteran's  Admininstntion  Medical  Center  and  Shands  Hospital  in 
Gainesville  Florida.  A summarv  of  demographic  mformation  is  provided  in  Table  I . 
Length  of  illness  (LOI)  ranged  frum  It)to40ycan(Af  =22.86,50=  8.75)  according  id 
patient  report  and/or  medical  record  doeumeniaiion.  Sub<dlagnoses  at  the  time  of  testing 
included  7 UnditTereniiated.  13  Paranoid,  and  3 Residual  'I'ype,  All  patients  weie 

0 = 10;  elorapine.  0 = 2;  Prdlixiiu  n = 2;  haloperidol,  n = 4;  Navone,  n = 2)  and  some 

efTccts,  and  medical  conditions  (Cogeniin,  n=7;  bcneodiszapines.  n=8;  bcia*b]ockeis, 
n=l;  other.  n=13).  The  majority  of  patients  lri  = 20)  were  recieving  outpatient  care. 

'Three  patients  were  hospitalized  on 


when  they  ware  stabilized  li.e.,  no  longer  czpcriencing  acuie  psychoris),  according  to  ihe 
psychiatrists'  repon  and  observation. 


iversity  orptorids.  and  Shands  Hos 
di  the  schiaophrenic  sample  for  age, 
ms  (5ESX  height,  and  weight  (see  Tabic  1 ). 
idedness  and  paremal  hES  is  described  belt 


tiniive  handedness,  paremal 


llicallolhaloflhcSCZgn 


gy' grodiuic  student  (PX).  fi 


(Briggs  & Nebes,  1974)  that  ivqui 


2:  always  left.  -1:  usually  left.  Q;  equally 


ri^iuKlIcfi.  I:  usually  rigbL  2:  always  right). 


and  divided  by  24  (ibcouniber  of  possible  points  a coosislenlly  strongly  right  hander 


Eq.  1).  Computed 


SES’[(}*OF  + 3*EF)  + (5*i 


•EM))/ 2 (1) 


5>inptoms,  which  ore  divided  imp  posilivc,  ncgetivc,  and  geneml  paychopalhoiogy 

ihe  Scale  for  Assessment  of  Poaiiive  Sympioms  (SAPS;  Andreeacn,  19S4),  Exicnsive 
vaiidiiyand  reiiabjiiiy  studies  on  die  PANSS  scales  are  nviewed  in  Kay  (1 992).  With 
regard  to  Kliability.  Kay  (1992)  icponed  internal  consisiendes  (al|dui  coeflicienis)  within 
each  scale  ranging  from  .72  (positive  symptoms)  to  .83  (negative  symptoms).  Tesi*rctcst 
reliability  ranged  horn  .77  (positive)  to  .89  (negative) . and  inleraler  reliability  ranged 
irom  .83  (positive)  to  .87  (general  psychopathology).  With  regard  to  validity,  positive 

symptom  scores  on  the  Scale  for  Assessmem  of  Positive  Symptoms  (r"  .77)  and  the 


in  the  present  study,  three  trained  raters  scored  each  participant  on  the  21 
symptoms.  Symptoms  were  gratiped  into  elusters  of  Negative,  Positive,  Oisorganisad. 
end  (Seneral  Psychopadtolngy  symptoms  as  indicated  below,  individual  symptoms  scores 

d.  An  effort  was  mode  to  conduct  assessments 


scores  are  provided  in  Table  2. 


PANSS  (i.e.,Nl,N2,  P3.  P6.  P2,  P8)  and  Included  iwo  sympumu  irora  each  sj^plom 
clusier.  Mean  scores  from  ihc  abbroviaied  PANSS  are  provided  in  Table  2. 


ihai  poor  perfonnancc  on  the  neuropsychoiogicai  teals  tsould  reneet  poor  overall  mental 
ability  rather  than  localized  dysfunctions,  subjects  were  adimnisicrcd  the  Wechsler  Adult 
Intelligence  Scale-  Revised  (WAIS-R:  Wechsler.  1981). 


nimujus  maierial  consisted  of  16  white  dots 


about  .7  cm  in  diameter  displayed  on  a block  computer  screen.  SubjccLs  were  sealed  with 
their  heads  stabilized  in  e chin  rest,  about  50  cm  irom  the  viewing  screen.  Stimulus 
presentation  and  data  acquisition  went  controlled  b>-  an  IBM  compatible  PC  with  an 
EDMARK  TouchWindow^  touch  sensitive  screen.  Stimuli  weK  ptesented  on  a 15  in 
monitor  and  the  visual  angle  from  the  fixation  point  to  the  target  was  approximately  9 
degrees.  The  resolution  of  the  screen  was  1024  x 1024  pixels  and  the  sampling  rate  for 
the  touch  response  was  75  samplestseeand  (maximum  temporal  reso[uiion=  13.2  ms). 

The  SORT  task  is  displayed  in  Figure  3.  Each  trial  started  with  a 700  ms. 
preaenuuion  of  a red  cemmi  ItxDtion  dot  against  a black  background.  Then  a white  dot 
appeared  Ih  one  of  the  positions  specified  in  Figure  3 for  200  ms.  Then  the  screen  either 
went  blank,  except  for  the  cenuaj  (htalion  dot,  and  allowed  for  an  immediate  touch 
response  or  a twu*digii  number  apeared  in  the  middle  of  the  screenfor  S s.  In  the  latter 


Subjects  were  instructed  to  make  the  response  as  aceutaieiy  os  possible  by  using  the 
index  linger  nf  their  dominam  hand  to  point  to  the  location  where  the  dot  appeared  on  the 
touch  sensitive  screen.  Aheriheymade  thelrresponse,  ihescreen  went  blank.  Then  there 
was  a 3 s inter-trial  iaierval  before  the  next  trial  began.  F. 
with  a delay  and  two  without  a delay)  wr 
attempted  only  after  it  was  clear  that  the  task  instructions  were  lully  understood.  Thin- 
two  trials  were  administered  (IS  with  e delay,  16  without)  so  that  every  stimulus  point 


SOF.  the  vcrtnl  SOP)  i 


loudness  unli)  panioipsnts  reported  some  dUcootron. 


Prior  to  eveiy  tost  sessioiu  psnicipaols  locorvcd  o utiining  procedure  to  insure 

stimuli,  ttso  of  tvhich  wure  identica]  pairs  (e,g.  gib*gib)  nod  two  of  which  were 
contrasiing  (dob-bcb).  Aher  each  pair,  panicipartts  rounded  by  saving  "yes"  if  both 
stimuli  tvere  pereetfed  as  identical  or  "no"  if  they  were  perceived  as  differeiu. 

Test  stimuli  cortsisied  of72onc,aylloblc  nomword  speech  sounds.  On  halfofihc 
trials,  the  non-words  were  idenbeal  (e.g.  dib-dib)  and  on  the  other  half  they  were  dinereni 
(dib<gib).  Eoch  pair  was  presented  twice,  once  with  each  ntemher  appearing  in  the  first 

stimulusis  cepeaied.  The  resuliing  14*1  pairs  were  presented  in  psuedo-random  order;  no 
more  than  four  idcnucal  or  different  pairs  were  presented  sequemialiy.  Prior  loereatJng 
the  task,  eseh  of  the  72  individual  nonsense  words  was  recorded  onee  by  a male  speaker. 
These  recordings  were  used  to  create  the  series  of  speech  sounds  used  in  the  taric.  Thus, 
for  each  oecurrence  of  a particular  item,  the  Identical  recorded  segment  was  used.  There 
was  a two  second  delay  between  each  member  of  s lest  pair,  and  approximately  five 
seconds  between  each  tost  item. 


d.  The 


vide  in  ihc  lea  heroisphen 


(Rajkowska  & Goldman-Rnkic.  1994:  Petrides  & Pandya.  1994).  Rnjkowaka  end 

Ihc  prefiomnJ  conicea.  They  then  delincd  subdivisions  of  die  picfiomal  conex  (U.  etas 
46  and  9)  in  leniis  of  morphological  iandmorks  and  Taiairach  space.  Allhougb  the  bulk 


1994: Petridcs&Pandya.  1994).  A largeponion ofarea ‘ 


ulci  nnd  gyri  (Goldmo 


The  MFG  is  bounded  by  Ihc  superior  (SFS)  and  inferior  frontal  sulci  (IFS; 
DeAraiond.  Fusco,  £ De>»ey,  1989;  Roberts.  Hunassay,  & Motcsi,  198’).  However, 
these  bourtdaries  rue  not  always  unambiguous.  Volumeiric  measures  were  made  in  ihe 
coronal  plane,  which  rnoltes  it  particularly  difficult  to  follow  ihese  sulci  because  the  entire 
langlb  uf  the  sulcus  is  not  visible  on  any  one  slice.  There  arc  numerous  sulci  in  the 
prel'conial  region  which  intersect  with  or  look  similar  to  IFS  and  SFS.  In  a sample  of 
twenty  five  postmortem  brains,  the  left  IFS  was  continuous  in  only  40%  of  the  populalion 
and  intersected wilholhersulci in 32%ofcases(Ono,lCublk,&Abemailiy,  19901.  The 
middle  frontal  sulcus  IMPS),  also  referTCd  to  as  the  imenTtediate  frontal  sulcus,  runs 
hoftaontally  through  the  MFG  in  more  than  80%  of  individuals  (Ono  el  al.,  1990)  and  is 
soraetimes  difficult  to  distinguish  from  the  SFS  on  coronal  section.  Observation  in  our 
laboratory  suggest  that  some  individuals  may  even  have  two  MFSs.  On  coronal  section, 
the  SFS  may  also  be  confused  w ith  Ihc  medial  frontal  sulcus  (MdFS),  which  Chio  el  al. 
(1990)  describe  as  being  medial  to  the  SFS.  Because  of  this  variability,  we  have 
developed  explieii  rules  for  mea.suring  the  area  46,  region  of  Ihe  MFG  reliably.  A list  of 
these  rules  are  provided  in  Appcndbi  B.  The  boundaries  of  MFG  in  Its  moatanicrior 
portion  are  not  clear  in  coronal  MRI  sections.  Therefore,  only  the  images  between 
Talairuch  coordinates  32  ami  45  in  the  AP  plane  were  measured  cs  on  estimate  of  area  46. 


FLaurgS  RajLoKsks  & GoldmaivRaktc'a  1 mapping  Of  prefronlsl  corma  basFd  on  <a) 


richi  MFCs. 


The  plaiuim  wm  mrasured  In  apiiuil  seciion.  The  Icngih  of  ihe  planum  was 


i cnlculaied  by  I 


RESULTS 


DfschlTophrtnia?  Eacht 


S)mpuims.  co&nilive  perfonnance,  and  MR!  measLires)  and 


CpnalaiiQiia  Barwean  Uamow 


SES,  quanliuiivc  handedness,  length  of  ilbeas,  frequency  ofhospitalisnlions.  Symplon 
clusiers  included  negative,  posilive.  disorgantaed.  and  eeneral  psychopathology 


y of  the  demographic  varii 


103 


rofTelgtipns  Bclxvcm  Deiringfanhic  VariaKlf*  nfwt  r^aniiivf  Pi^nrnyMnef 

Descriplivesiaiistics  for  cognitive  pcrfomifincc  are  provided  in  Table  3. 
Demognipliic  variables  in  these  annl)sss  inciuded  age.  paremal  SES.  quaniiiaiivc 


incliided  VIQ.  PIQ,  FSIQ.  memoiy  SORT  error  distance,  mcmoi>  SORT  response  lime, 
sensory  SDRT  error  distance,  sensory  SORT  response  lime,  verbal  SOPcitoisand 


group  (r=,19,p<  ,39). 


Coii.lliv.Ptrf» 


Thti 


up  there  were  sigaihconl  relationshijn 
s and largertotoJ (r*.45.p< .03]  SAd 


fliuJyscst 


'forihe 


expeciedthfi 


nes  on  ihc  meinoiy  SORT  uu 

luoiy  SDRT  task  wnc  associi 
•ore  withe  SOP uA (r  = .60. 


Among  conifol  subjects  higher  FSIQ  so 

JieSOPuisk(f  = --52.p<.OI).  Therewere 
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wiUi  mcrtaseij  errors  on  the  phortemic  rliscriminau'on  task,  but  not  performance  on 
wnrkirtg  memory  or  IQ  lasks.  Fintrlly.  hemispheric  volumes  were  expected  to  be 

Ki^rFSIQ  scores. 


vided  in  Tabic  6.  Co 
rformance  on  the  wot 


ndCoeniuve  Performance 


118 


122 


sciroi^Kd 


123 


pfrfonnance  and  brain  moqjhoiogy.  logcncra],  it  waa  eapa 
pstiema  would  have  hiithcr  symptom  ratings  than  controls. 


raise  expected ) 


fN  0 summed  scorn  of  twenly-oiK  would  be  SIM.  Results  of  o 2 (Group)  s 3 (Cluster) 


ANOVA  wilh  repealed  measures  on  the  duster  faelor  reveakd  that,  os  expected,  the 
groups  differed  wilh  regard  to  overall  severiQ*  of  symptoms;  schizophreiuc  pauenis 
di^layed  higher  percentage  scores  across  all  symptom  clusters,  ^1,40)  ■ I2d.41,p* 


findiogs  of  slgnificaitt  shared  variance  between  working  memory  and  FS1Q,  analyses 


r between  groups  equaled  for  IQ. 


r advantages  and  probic 


126 


of  group,  /^l. 44) 


127 


s,50  = l 


] graphically  in  Figure  S.  A 2 (Group)  n 2 (Condilicn:  verbal. 


Mean  eirors  for  each  £iaup  an  reponed  in  Table  2.  A one*v,ay  ANOVA  revealed 


xccption  of  sensory  SDRT  perfo 


132 


Kemi^ihere  Inlereclioo  wbs  twi  signiiicam  {see  Table  4), 

In  summai>',  iHe  present  Hiulings  suggest  that  the  schizophrenics  in  this  study  had 


groups,  the  right  area  46,  wbs  larger  than  the  left  and  the  left  planum  lempoiale  was  larger 
than  the  right.  The  left  and  right  whole  hemisphere  volumes  generally  were  eguivafent. 


ilbeiiDRTimd  SOP  l 


ng  the  icechaitl&ms  underiying 


uliing  in  floor 
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Figirre  pull  scale  IQ  VS  ne£Uivc  symputm  scverlry. 


Figure  1 1.  Full  scale  IQ  vs  disorganiced  symptom  severity. 


ihc  rvlalionship  belween  ncgfitive  sjmpxoms  and  memory  SDRT  error  disunce  rs«a 
staiiscaJly  significam  (r  - ,32,p<  .04X  bur  appeared  to  be  driven  by  group  difTcrcnces 


irionsbips  beiwe 


iibe  SDRT  leaks  and  I 


demonstnic  any  mlaiionships  between  SI>RT  perfoTmance  and  syioptom  severity. 


analyses,  response  times  on  the  memory  SORT  ta.sk  did  not  predict  negative  syinpion 


nic  group  alone  (pr  = ..1 


Slniilarly,  respon 


S'-mmom  Climtn  mvl  SOP  PerfonMnce 

Across  gtoua comlaiioni.  Figure  13  providesagrapbica)  represeraaiionofihe 


nonverbal  SOP  jserlanrance.  Although,  the  relationship  beirveen  nonverbal  SOP 


schizophrenic  group.  Neither  positive  nor  disorganized  symptoms  were  signiricantiy 
associated  with  nonverbal  or  verbol  SOP  pcrformartce.  Again,  while  relationships 


Fiimre  Mean  verbal  SOP  pertcnl  errors  vs.  negoiivc  sympiom  severity. 


Sf hin'tilifCTiif  «rmm  f irndminin  When  ccvniiini  sepamlely.  the  scliiuiphiciiic 


147 


bcler^gcneily  within  the  schizophrenic  group. 


schizophrenia  result  front  pathology  or  Isck  of  developmect  of  area  46.  within  the 
DLPFC.  as  we  have  suggested,  wc  would  expect  to  see  a relatioo^ip  tKtwecn  negative 

smaller  area  4d,  volumes  would  bo  related  to  greeter  severity  of  negative  symptotlts,  but 
with  greater  severity  of  negative  symptoms. 

plenum  teinporele)  will  not  be 


giona.e.| 
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associelcd  v4lh  greiiier  st 


Swnpiom  Clmlea  and  Aren  46 

Conirai>  10  our  hypolheses,  righi,  left,  and  lolal  area  46.  volumes  wot  nol 


e.  Area  46. 1 


IQ  emend  imothe 


xpime  the  predleiiv 


SDRTusk' 


syrapcoms.  Error  dlsurrn  on  ibe  memory  SORT  uisk.  KSIQ.  led  area  46.  and  righi  area 

= 04,  p < .003.  Full  scale  IQS  and  right  area  46,  volumes  contributed  slgniftcaniJy  to 
the  model  (FSlQ./rr  = -.SF.yX.OOl:  righlarca46.pr' > .33,p<.04|;  low  FSIQand  large 
right  area  46,  volumes  predicted  more  severe  positive  symptoms. 

With  regard  to  disorganized  symptoms,  errordisunccoD  the  memory  SORT  task, 

.01). 

Schirnohrenic  Broun  anal  vses 

artd  PSIQ  did  not  account  rorasignifieant  portion  ol'the  variaiKe  of  negative  symptoms. 
FSIQ  was  removed  from  the  original  model,  left  arid  right  area  46,  volumes  and  SORT 


s.  FSIQ.  and 


Schizophrenic 


aialviifs 


DISCUSSION 


functional  and/or  sinjcairal  pathology  of  the  DLPFC,  area  46  in  panjcuiar.  is  associated 
with  the  negative  symptoms  observed  in  schizophrenia.  This  hypothesis  was  based  on 

Goldnian*IUItic.  1 987).  Notably,  animal  and  human  lesion  studies  as  well  as  functional 
imaging  studies  have  implicated  the  medial  frontal  conex  and  anterior  cingulate  as  being 
important  for  internal  generation  of  responses  (Dantnsio  & Anderson.  1993;  Passinghnm. 

Negaiive  symptoms  hive  been  described  by  Frith  (1992)  as  a deficit  of  "willed 

and  cues.  Ilisderinition  of  “willed  aelion"  is  coitsistcm  with  GoIdman-Rnluc's(l987) 
definition  of  woriting  memoiyund  Passinghem's  |l993)descnpiion  of  the  functions 


-wiUedi 


Ttf  Rduionsttin  Bemm  Waiting  wnA  W»««iiv» 


Is  woriiijig  menioT>  perfumiance  related  ii)  ne$aiive  symptoms?  The  preacm 
tuidings  only  sveakly  support  our  hypotheses:  within  a subgroup  of  patients,  greater 


perfarmonce.  Coosisieai  wlih  our  hypolhests.  negailr:  sympionu  were  noi  associaud 
wilh  pepfonnonce  on  itie  mo  conipol  tadis  which  did  not  require  working  memory. 

Nsgoiive  sympioiiii  were  significanily  reloied  lo  IQ  Kores;  lo-wer  VIQ.  PIQ,  an 

when  IQ  was  paniolled  oui  in  ibc  analyses,  verbal  working  memory  performance  was  t 


esUgaiors  also  have  reported  ass 

ausseial..  1974).  while  some  re 
d working  memory  (Fleming  e1 


each  signilicancc  when  IQ  was  partial  led  out  in  the  analysis.  Thus,  it 
rtitive  hinciionittg  is  a more  criticat  factor  and  may  be  a predictor  of  be 


impoired  mcfnor>  aad  low  general  jnicllectuil  funciioning,  logeiher  contribuie 

imponamly.  based  on  slatisUcnl  slgniftcancc  in  ihe  across  group  analyses,  one 
could  conclude  ihai  negative  symptoms  are  associated  with  performance  on  working 
memory  tasks,  phonemic  discTimlnation.  and  intellectual  functioning.  However, 
examination  of  scatter  diagrams  reveals  that  these  correlations  were  largely  spurious  and 

sense  that  correlations  reported  by  other  groups  ofinvestigaiors  may  also  appear  to  be 
sitonger  than  they  are  if  only  the  numencai  valt^s  of  the  correlaltons  are  reported.  Tliis  is 
hue  even  in  the  within  group  analyses  when  there  is  heterogeneiry  within  the  group 

The  Initial  peemise  of  this  study  was  that  negotive  symptoms  would  be  associated 
with  impaired  working  memory  because  working  memury  is  an  imponaiit  componeui  of 
response  production.  A failure  to  produce  behaviors  (i.c..  negaiive  symptoms)  may  be  a 
tesult  of  poor  motivation  or  lock  of  miemal  drive  to  respond.  Alicmadvely,  failure  to 
pioduce  behavior  maybe  8 result  ofinablliiyio  organize  thoughts  and  behaviors  well 

deficits  including  intentional  disordera,  motor  impcrsistertcc.  apathy,  and  deficits  in 
strategy  fbnoatlon  and  planning  (Heilman  & Watson.  1991:  StussA  Benson.  19S6). 
Medial  prefrontal  damage  also  has  been  associated  with  impaired  intention,  akinesia,  and 
abulia  (Heilman  & Watson.  1986;  Damasio  & Anderson.  1993).  Importantly,  the  DL^FC 


is  connected  with  medial  prefionlal  regions  and  these  two  regions  likely  work  logelhff  to 


produce  imeniional  or  inicmatly  driven  responses,  Given  IhBi  negaiive  svmpToms  were 
nor  highly  sssociaied  with  worfcine  memoiy  performance,  it  is  possible  that  negiive 
sympioms  are  more  sirungiy  reisied  lo  medial  prcfronial  paihology.  Furrhemiore,  given 
the  organization  defieiis  dial  occur  with  OLPFC.  one  could  hypolhesize  dial  damage  in 
this  regions  would  be  more  associated  with  disorganizaiion  symptoms.  Our  findings  do 
not  support  Ihe  iartcr  hypoihesis.  To  our  knowledge  there  are  no  siudies  that  have 


Correlarions  between  the  cognitive 
about  the  rtarure  of  the  relationship  among  IQ  and  woiking  me 
E.xaminotion  ofthe  data  revealed  that  IQ.  SOP.  SORT,  and  PE 
with  one  another  across  groups  und  vviihin  the  schizophrenic  gioup.  The  oniy  cognitive 
variable  that  was  net  related  to  any  other  including  IQ.  was  sensory  SORT  perfonnance. 
Other  investigaiors  have  reported  a similar  coirelation  between  IQ  and  working  mcmoiy 
oresecutivefunciioas  (Goldberg  etal..  IddO;  Moriee£  Delahttni}.  19P6).  Moriceand 
Delahuniy  (19961  hypothesized  that  this  relationship  can  be  accounted  for  by  the 

Interestingly,  eomtols  did  not  show  strong  associatioos  among  cognitive  variables.  It  is 
possible  that  schizophrenics  rely  on  difTerem  strategies  for  complciing  cognitive  tasks 


siraiegics  they  used  to  remember  the  siirmili.  Controls  generally  described  moreclabonie 


nd  lhai  ihUj 


be  icmpered  in  li^I  ot  group  d 


npioms  and  cognhive  performanc 
sigolficaiu.  This  nuij'  have  been 


heieroge 


lighi  of  findings  that  posirivc  and  disorganined  s>mpU}ni9  were  very  waakly  associated 
with  iniellectuaJ  performance.  Resultsofsignificcuii  relationshtifs  between  IQ.  working 


dysfitrtctionassodflUtdvnihrKgniive  symptoms.  This  point  is  highlighted  by  ttur  failttre 
to  find  bivariate  associations  between  volumetric  MRJ  measures  and  negative  symptoms. 


esitmotes  of  lot^  prcfronul  volumes  also  have  failed  (o  fmd  relaiionships  beivveen 
prefronuJ  volumes  aod  revive  symptoms  (Ajtdreasen  etal„  1*^86,  Bildcrcial..  1995. 
Rainenal..  1992;  Wolkineial..  1992).  The  failure  lo  find  slrons  relationships  between 
DLPFC  end  negative  symptoms  comradlcis  Blumsf  and  Benson's  (1975)  model  of 


psuedodepressioo.  As  such,  it  will  be  inipanajtt  to  examine  other  brain  mglons  that  have 
been  found  to  be  involved  in  response  selection  and  intention  to  respond,  such  as  the 


thalamus.  andthestriaturafPnssinghatn.  1993;  Picard  & Strick.  1996).  While 
abnormalities  vdtbin  the  globus  pall  idus  have  been  reported  (Early  el  al„  1987;  Bogertsel 
al-  I9B5),  the  relationship  between  globus  pailidu.s  abnormaliiles  and  negative  symptoms 


to  negative  symptoms.  To  this  date,  there  do  not  appear  to  be  any  MRI  studies  that  have 
explored  the  hypothesis  that  negative  symptoms  are  associated  vdth  medial  frontal 
pachoiogy. 

The  prediction  that  sma]|crarc8  46^  volumes  would  be  associated  with  poorer 
performaiice  on  measures  of  working  memoiy  also  was  not  sigjported.  In  (acL  none  of 
the  brain  measures  was  assoctaiad  with  performance  on  any  of  the  cognirive  testa 
employed.  A failure  to  find  a relationship  betweco  area  46^  and  working  memory 
perfornumee  raises  questions  because  this  region  has  been  implicated  in  working  memoiy 
in  bolhanimal  lesion  studies  (Goldnun-Rakic.  1 987) and  human  functional  imaging 


railed  ID  find  agnificom  relaifuoships  between  sin 
ptefronul  ftinciions  (Andreasen  ei  el..  ldS6;  Silderetal..  1995;  Raineeial..  1992). 
Setdmui  ct  al.  11994}  Found  stiong  correlations  between  DLPFC  voluines  and 
perFonnance  on  a large  number  of  neuropsycholoBlcal  test;  however,  when  adjusted  For 
whole  brain  volumes  these  flndinits  iro  longer  reached  signilteoneu.  with  the  esceptlonof 
one  measure  orattcmlon.  It  may  be  that  working  memory  is  not  as  well  localized  in 
humansas it isin snimaJs.  F 
specific  role  of  the  DLPFC  in 
been  identified  in  the  anterior  cingulate  corlcx  during  purformance  ofwoririog  memory 
testa  and  tasks  that  ichuirc  internal  generation  of  responses  IPetrides.  Alivisalos.  Evans. 

& Meyera  1993;  Picard  & Strrek.  1996).  Furthermore.  Bilder  eta).  <1995)  found  a 

prefrontal  volumes.  These  authors  interpreted  their  findings  as  su[^xming  abnormal 
development  of  the  fronio-hippociunpaJ  system.  They  suggested  that  gross  stnicttual 
deficits  arc  more  apparent  in  the  hippocampus  because  of  its  relatively  fewer  layers  and 
smaller  size.  DifFervarial  vulnenibiljiy  of  regions  within  the  neural  nerwnrk  associated 

46,  voluines  were  not  found  it  the  present  study. 


between  area  46,  and  working  memory.  First,  it  is  possible  that  the  volume  of  a particular 
structure  may  be  nariBaJ  while  the  functioning  of  that  smrciutc  is  impaired.  If,  for 


46  v6ll  001  function  opiimolly  because  it  is  acting  on  aberram  input.  Given  ihaierco  46is 
oniyonepanofiarger  working  memoiy  and/or  ancmional  nciwork.  impainncni  in  any  of 
a number  of  regions  may  result  in  impaired  functioning  which  would  nor  be  ruflccicd  in 
area  46  volumes.  In  ftiiure  studies  it  will  be  necessary  to  examine  the  larger  brain  system 
involved  in  working  memory,  as  opposed  to  isolated  structures,  in  order  to  determine 

parietal  cortices,  medial  temporal  regions,  the  striatum,  and  the  dorsomedial  thaJamus.  In 

lesions  ufthe  dorsomediel  nucleus  of  the  thalamus  (IssetboffeLal.  1982).  Functional 
imaging  lechitiques  could  also  be  used  to  assess  the  liinctionat  inlegrity  oftheDLPFC 
during  working  memory  performance.  Even  if  the  pathology  is  nor  within  the  DLPFC 
itself,  funciionol  imaging  could  reveal  dysfunedon  in 
nbaormalanerence.  It  also  is] 

not  detectable  in  gross  volumetric  measures.  For  example,  in 
Selemon  et.  al.  (I 

neurons  and  more  medium  and  small  neurons  in  the  prefTonial  cortex  than  controls. 


Evaluation  nf  tissue  densiriea  on  structural  MRJ  and  functional  imaging  may  be  more 
useful  in  this  regard.  Alternatively,  developmcnia)  abnormalities  may  be  apparent  in 

symptoms  reHeci  a failure  to  initiate  aome  highly  complex  behaviors  that  may  be 
dependent  on  multiple  brain  sysiems.  li  is  possible  that  area  46  is  pan  of  one  of  the 


systems  involved,  but  ihei  other  variables  also  are  involved  and  possibly  interact  with 
area  46  pathology  in  predicting  negative  symptoms.  Finally,  it  is  possible  that  the 


measitrement  methods  used  did  not  sdeq  irately  measure  the  aciiial  strttcntre  of  interest. 
This  issue  of  validity  is  discussed  in  funher  detail  in  Methodological  Cortstdetations. 

in  the  present  study  area  46^  volumes  alone  were  not  signifleantly  predictive  of 
negative  symptomatology;  however,  when  considered  with  IQ.  larger  hghl  area  46, 
volumes  accounted  for  a signilicant  portion  of  the  variance  of  negative  ^mproms.  Right 
area  46,  volumes  also  predicted  positive  symptoms  when  considered  with  IQ:  however, 
this  relationship  was  rtut  os  strong  as  that  with  negative  symptoms.  Disorganiaed 


symptoms  went  not  associated  with  area  46,  volumes.  The  relative  specificity  of  the 
relaiioDship  between  right  area  46,  volimies  and  negative  symptoms  suggests  that  area  46, 
may  be  involved  in  production  of  negative  symptoms,  but  that  it  i>  not  a simple  bivariate 


In  summary*,  ares  46,  vo 

measures.  On  the  other  hand,  right  area  46,  volume,  when  considered  with  IQ 
performance  in  a tegicssion.  was  a significant  predictor  of  negative  symptoms.  It  is 
unclear  at  this  lime  whether  the  lailurc  to  find  bivariate  correlations  between  the  volume 
of  area  46,  and  behavioral  measures  was  due  to  metbodological  andior  iheoteiical 

too  complex  to  identic  with  this  level  of  analysis. 


Tifoun  Diffewma 


iM,  US  previously  eddiessed.  schizopi 


ity  ihal.  desire  cxncmc  hctciogeneir>'  of  syiupioms.  [here  mighi  be  ao  underiying 


r diffuse  cognibve  dysfiinciion?  The 


significaiuiy  impaired  in 


ice  of  schizophrenics  on  thr 
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panicipBied  in  the  presesi  sujdy  vieie  more  chronic.  ie„  have  had  a longer  ieogth  of 
illness  and  ore  quite  disabled. 

infomationt  rcpreseniudonal  memnry  for  seff'generaied  responses  to  absinrci  visual  curd 
verbal  stimuli  also  was  found  to  be  impaired  in  the  present  studv.  On  the  SO?  Usk. 
schizophretrics,  as  a group,  made  mnre  eirors  than  conooist  however,  this  overall  group 
difference  rtny  have  been,  in  pan.  related  to  global  cognitive  impairment  as  the  main 
e^ecl  of  group  was  no  longer  significant  when  FSIQwos  controlled.  Other  investigators 

as  forward  planning  and  set  shifting  (Morice  & Oelahunt)'.  1996:  Fleming.  Goldberg, 

Gold,  d:  Weinberger,  I99S).  Morice  and  Deiahunty  fl996)  and  Fleming  eiaL  (1995) 
found  that  short  terai  memory  (c,g.  digit  span)  with  minimol  distmciion  appears  tube 

controls  when  even  low  ieve]  disitaciion  was  invoked.  They  interpreted  their  findings  as 
indicaling  lhal  a eompenem  of  working  memory,  Ihc  central  esecuuve  of  w orking 
memory  (Baddley,  1990}.  which  has  a limited  capacity  and  is  important  for  allocating 
attemtonol  resources,  is  impaired  in  achiaophrenta.  These  authors  did  not  control  for  IQ 
orglobol  cognitive  functioning,  thua.  Ihc  specificity  of  their  findings  is  notcenaio.  It  is 
possible  that  the  cognl  live  deficits  experienced  by  schizophrenic  patients  was  nor  specific 
to  working  memory,  but  could  have  resulted  from  more  difTusa  cognitive  impairments. 

supported  by  the  finding  that  in  nddiiion  to  working  memory  deficits,  schizophrenic 


significamlj  associsteii  Wlh  lower  IQ  scores  ind  poorer  performance  on  both  working 
memory  lasks.  Similar  findings  of  relatively  tow  IQ  and  diffuse  cognitive  impairment 


cognitive  tasks  regsidlcss  of  symptomatology.  They  were  not  impaired  across  all 
cr^tive  domains  os  they  performed  normally  on  a simple  spatial  location  task. 


Is  Area  46.  Relalivclt  Siruller  in  5cl 


I Controls? 


Picvious  volumetric  MRI  siuriies  ti&vc  reponed  inconsistem  fuidlngs  with  regard  to  total 
and  regional  brain  volume!;.  1 
ichizophrunic  pmlenis  and  contmls  on 


1988;  Andtcsscn  el.  el..  1990:  Young  el.  al..  1991;  BrciereL  al..  1992;  Buchanan  eL  ai, 
1993)  conical  volume  (ChakoseLal..  1 994 1.  prefrumal  volumes  (Kelsoe  ei.  al..  1988).  or 
size  and  symmetiy  of  the  planum  lemporale  (Kulynych.  Vladar.  Faniic,  Jones.  & 


Curei  al..  1994;  Andreaseneu  al-  1993)  and  prefromal  volumes  (Breicreual..  1992; 
Harvey  eLal..  1993;  Schlaeplerel.  aJ.,  1994;  Andreasen  etal..  199i)aa  well  as  abnormal 
Intcralizaiion  of  the  planum  icmporalu  IHorTet.al.  1994;  Peiiyctal..  1995:  Rossi  etaL, 
1992). 


Because  there  Is  considerable  inter-  and  iniia-individual  variability  of 
schizophrenic  symptoms  a failure  to  find  group  differences  in  brain  measures  is  not 
codiely  unenpecled.  It  has  been  difficult  to  identify  group  diffeiences  tirat  arc  consistent 
from  study  to  study,  especially  with  the  limited  number  of  patients  normally  sampled. 

imaging  studies.  While  some  invosrigatnra  limit  their  sample  to  fust  episode 
schizo]ihitiucs.  othera  report  findings  from  chronic  schizophrenic  patients.  DifTcrences 
in  handedness  of  the  study  sample  also  may  account  for  difletorKCS  in  MRI  lindtngs. 


medications  include  a wide  range  of  typical  and  atypical  antipsychotic  agents,  artxiolities, 
anticholinergics,  and  antidepressants  which  may  affect  the  brain  difTerentially. 
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accoum  forinconsisicnt  Rndings. 

Harvey  at.  1995:  Raine  cial.,  1992).  bui  these  lindings  have  not  been  replicated 
irepiehonlal  size. 


Correlnrions  Studies 

One  of  the  prablents  encoumned  in  correiadonal  studies  is  difUculcy  in  auribuilon 
of  causality.  In  the  present  study,  far  example,  we  found  an  association  between  poor 
cognitive  performance  and  negative  symptoms.  The  relationship  between  these  cognitive 

deficits  that,  in  turn,  produce  bchovioml  deficits  (ie.  negative  symptoms).  Aliemaiivdy. 

symptoms,  but  the  cognidv  e and  negative  symptams  may  be  independent  from  each  other 


s.  Determining  the  direction  of  causality  is  difficult  because  we 


do  not  have  non-mvasivewnysofdcbhitatingseleeiive  brain  syrnems  and  observing  the 
behavioral  enbcts.  H 
cogniiive  Auiciioning  in  gn 
similar  To  ihe  negaiive  feaiurcs  of  schizophrenia.  Ifthesympiomsinierfcrewiih 
cognition  regardless  of  diagnosis,  we  would  expeel  to  see  such  individuals  perform 
similarly  to  schizophrenic  patienis  with  negative  symptoms.  If.  on  Ihe  other  hand,  these 

the  cognitive  deficits  observed  in  schizophrenics  with  negaiive  symptoms  are  not  onrsed 


psychiatric  syinpiomsiology  is  that  there  are  lloor  effects  tor  normal  individuals  on 
symptom  rating  scales.  That  is.  no 
schizophrenia  end  iherefore  receive  ratings  of  I (Le.  nomu!  functioiiitis)  on  most  of  the 
subscales  of  the  PANSS.  Thus,  there  is  little  veriahiliry  in  ratings  oftheir  behavior  to 
correlate  with  other  behavioral  (io.  cognitivcf  mcasuies.  This  is  probleinaiic  if  one's 

mnnifestaiions  as  opposed  to  certain  diagnoses.  One  might  argue  that  if.sympiom.suie 

variablliTy  in  their  cognitive  performance  ciihec.  Indeed  they  do  not  demonstrate  as  much 
viriablliTy  as  schizophrenic  paliems.  Normal  individuals  do.  however,  vary  in  their 


• lAsks  and  social  I 


Disorder  (Ecbblod  & Chapman.  1983;  Chapman  & Chapman.  1987)  which  measure  such 


in  schlwphrenia  (Eckhlad  & Chapman.  1983:  Ch^rman  & Chapman.  1987).  While  Ihese 


iihe  west  and 


population.  Woritini!  munioi>'  performance  was  stroo^y  related  to  inteliectual 
funcrioiung  and  was  even  associated  with  phonemic  discrimiitaiion.  Addington  et  al. 
(1991 1 applied  lactor  analysis  to  their  data  and  found  that  perfonnance  on  the  WCST, 
Category  Flueicy,  and  IQ  all  loaded  on  the  same  dintension  in  their  group  of 
schizophrenic  patients.  Thus,  the  woriting  cnemoty  measures  used  in  this  study  may  hav 

The  question  that  is  raised  is  whether  the  ta^wc  used  actually  tncasuied  the 
^working  raemory)  functions  of  aiea  46  thnt  we  aimed  to  measuie.  Although  the  SORT 


: lesources  such  as  language  and  higher  level  reasoning  than  moaheys.  Hut 
uil  these  functioas  during  working  memory  pcrformence  while  monkeys  le 

recruit  more  complex  cognitive  processes  than  animols  while  performing 


Bbiliiies.  Go]dfnan*RBkic  (19921.  Baddeley  (19901  and  oihem  consider  working  memory 

The  inconsjswnciirs  between  human  and  animal  wodilng  memory  are  o|tparenr  in 
the  wmy  di5ereni  rMearchem  deftne  working  memory  and  in  (he  ta^s  they  choose  id 
mcesine  working  memory  performance,  in  the  animal  literature,  proioiypical  workiog 
memory  tasks  (e.g,  SDRT)  require  retention  of  information  over  a shod  period  of  time, 

memory  tasks  in  that  they  require  responses  that  arc  based  on  inicmni  represcniaiions  of 


cnvironmenitGoldman-Rnkic,  I992J.  U 

eomplementing  "associative  memory  by  providing  for  the  shon-icrm  siomge  ofsymboiic 
irtrormadon.  as  welt  os  by  pcmiitting  the  manipulation  of  (hat  infonnaiion.''  it  is  the 


the  present  study.  Ihe  spatial  delayed  response  lask  did  not  requite  manipulation  of 
of  information  is  the  critical  aspect  of  area  46  functlaning  in  humans,  the  SDRT  task 


ric  MRl  analysis  to  idtnlie'  asur 


il..  I9S6).  OnEoribepniblem 


Allhough  I 


of  volidaling  stniciural  raeasures.  il  hos  not  been  used  for  this  purpose.  Tberefore.  an 
alternative  approach  has  been  to  validate  MRI  measures  by  idenli^rng  behavioral 


The  volunictnc  measures  of  area  46,  used  in  the  present  study  had  not  previously 
been  validated  and  the  only  behavioral  correlate  of  area  46,.  os  measured  in  the  present 
anidy,  was  a weak  assoeiotion  with  quantitative  handedness  among  schizophrenics.  It  Is 

region.  The  definition  of  area  46  used  in  the  present  study  wss  based  on  a 
eyioarchitectuntl  study  of  the  leh  hemispheres  of  five  posimonem  human  brains 
(Rajkowska  & GoIJman-RaUc.  1994).  Given  the  euensive  imra-individual  varistdiity  of 

may  nor  have  been  representative  of  the  popttiation  at  large,  li  also  is  possible  that  the 
region  defined  for  this  series  oflch  hemi^eics  dt 
hemisphere,  h 

appropriate  to  apply  guidelines  developed  fordelining  brain  regions  in  normal  individuals 
10  the  brains  of  schizophrenic  patients.  Even  if  Ra}kowjdta  and  Goldman'Raklc's(l994) 
definition  of  area  46  does  generalize  across  hemispheres  and  individuals,  measuring  this 
legion  on  MRI  remains  a difllcuU  task.  In  the  present  study,  only  (he  middle  portion  of 

and  posterior  middle  IronutJ  gyms  were  unclear  and  could  nol  be  measured  reliably. 
Measuring  the  middle  portion  of  Ibis  region  also  was  difficult  and  required  a rigid  rule 
system  that  may  have  sacriftced  validity  for  the  sake  of  nrliability. 


The  problem  of  valldeuag  volumcmc  MRI  mcesuics  is  sdifriculuo  resolve. 
CurTeolly.  there  are  no  standard,  well  validated,  pioiocols  for  mcesuriitg  specific  brain 
Structures.  Cortical  regions  ore  panicularlt  problematic  because  of  the  lack  of  clear 
morphological  boundaries.  In  terms  of  measuring  area  3D  surfoce  rendering  may 
guide  idenlirication  of  sulcal  landmarks  that  border  the  middle  frouial  gyrus.  Functional 


about  regional  brain  funetiotis  along  with  structural  landmarks. 


SUMMARY  AND  FUTURE  DIRECTIONS 


general.  Tlie  llndings  tbu  positive  and  dlsorgonUed  syinpioms  were  ncn  as  suonRl> 
related  to  cognitive  itnpainnenu  suggest  relative  specificity  in  ibis  association.  Iliis 


while  negative  syrnploms  may  involve  diftiise  brain  dysfunction  or  impairment  of 
muitiplc  brain  systems  irtflucncing  a wide  range  of  cognitive  hinciions.  Other  brain 


the  striatum,  and  the  globus  pollidus  (Heilman  dt  Watson.  1991;  Passingham.  1993).  It  is 


possible  that  damage  to  these  regions  or  connected  structures  lead  to  negative  symptoms. 
The  medial  prefronial  region,  in  particular  has  been  implicated  in  intemal  generation  of 


changes ihai 


viruses,  cogniiive  dysiimciioi 


emplex  disorder  Ihsi  is  siudied  by  investi^ors 
ysrems.  celiulsr  palbology.  pcriomsl  cnviruiimen 
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APPENDDCI 


METHOD  FOR  MEASURNG  THE  MtDDLE  FRONTAL  OYRUS 


The  middle  frontal  gyros  (MFC)  lies  between  the  inferior  Irontai  suicus  (IFS)  and 
the  superior  frontal  sulcus  (SFS).  Measuring  the  MFO  inquires  accurale  idemificaiion  of 


Inferior  Fronlal  Suleus 
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In  cases  where  there  are  iwo  possible  suict,  choose  the  one  that  remains  rnosi 
ptominem  as  you  page  anieriorly  through  ihe  irrrages.  Ulhe  IFS  disappears  as  you  page 
ameriorly.  c^ose  the  sulcus  closest  to  Talairach  coordinale  0 (Tat  D)  in  the  horiaontal 
plane  (see  Figure  B-2h  The  IFS  may  (Kcassiortally  appear  ventral  to  Tel  0.  Kno  sulcus 
is  evident,  simply  stop  at  Tal  0. 


Fioure  B-2.  Example  of  ventrai  and  absent  inferior  frontal  sulci 


The  SFS  is  often  the  most  prominent,  or  deepest,  sulcus  on  the  superior  part  of  the 
prefrontal  lobe  (Onoeial..  1900  ].  The  medial  frontal  sulcus  (MdFS)  is  usually  present 
and  medial  to  this  sulcus  [see  Figuto  B-3).  The  MdFS  is  ofteo  discontinuous  and, 
therefore,  moy  not  be  evidem  on  every  secdon.  Because  of  this  vcriabilitj,  it  may  be 


dif!)ciilT  ID  dUUnguLsh  iTieSFS  from  The  MdFS.  Themosi  oecumie  idemineauon  riHII  be 


nor.  Someiimes  no  MdFS  wifi  be  preseni.  In  order  to  maJce  The  dininetion  between 
MdFSandSTS  always  choose  a sulcus  That  is  within  ^OTalairach  units  of  ihe  midJine  for 


the  SFSfsee  Figure  B*3i.  If  there  is  no  such  sulcus,  choosethe  neat  closest  one.  If  most 


region,  condidcr  the  sulcus  SFS. 
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APPENDIX  C 


TABLES  AND  GRAPHS  DESCRIBING  NONSIGNIFICANT  FIN'DINOS 
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Fipiirer.^ . Mean  verbal  SOP  percent  errors  vs.  posiiivc  syirrpibm  severity. 
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Figure  ru.  Mean  verbal  SOP  pciceni  crroia  vs.  disorganized  sympion  severity. 
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Table  C-4 
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handedneu 

UnsihorilliKK 


Table  C-6 


Right  L«fl  Toui  Auymetty 


Puntul  SES 


pBfcnId  SES 


Nnig.  *Sigmnciniatp<,i 
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